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Huncoat 
Generating 













Station 


Reyrolle 33-kV 1500-MVA_ duplicate-busbar 
solenoid-operated circuit-breakers and_ the 


control-room at HUNCOAT Generating Station 


Reyrolile 


A. REYROLLE & COMPANY LIMITED HEBBURN, COUNTY DURHAM, ENGLAND 
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The T60R is in its element where water 
is scarce. Cooling is by a closed circuit 
system, a combined radiator and 
intercooler mounted directly on the 
compressor and a balanced fan 

driven from the compressor 

crankshaft. Loss of water by 
evaporation is negligible. 
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Tough, powerful, the T60R two-stage compressor 
delivers 535 cu. ft. of free air per minute at 720 r.p.m. The 
absence of external service pipework makes it readily 
transportable and easy to couple to the driving unit. 










.. vely oma Holman 
—_. Air Compressor 








AIR COMPRESSORS 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND 


PNEUMATI C TOOLS Telephone : Camborne 2275 {10 lines) 
Telegrams: Airdrill, Camborne 
ROCK PRILLS London Office : 44 Brook Street, W.1. | Hyde Park 9444 
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The Photos show 6,250 kVA A.C. 
Generator and 5,500 kW Kaplan 
Turbine for the CNEE of Brazil 


Electric Power Plants and Substations Equipment 


Hitachi's waterwheel driven alternators are backed with more than half a 
century of indefatigable research and engineering experience. Several 
thousands of HITACHI alternators in a wide variety of capacities have 
already been supplied with satisfactory results in power plants both at 


home and overseas. 


Waterwheels Power Transformers Static Condensers 
Alternators D.C. Generators Induction Regulators 
Steam Turbines Circuit Breakers Disconnecting Switches 
Boilers Rotary Converters Lightning Arresters 


Frequency Changers Mercury Rectifiers Switchboards 


Cable Address: “HITACHY” TOKYO Tokyo Japan 
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manufacturers of water 


turbines of all types: 


uipment and inlet 


governing eq 


valves up 10 the largest size 
for use in all parts of the world b 
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Newport News Mechanical 
Rack Rake and trash car 
being prepared for shipment. 
Upon lowering a rake in op- 
eration its teeth swing down- 
ward, parallel to the face of 
the rack, and about 15” away. 
On the upward cleaning 
stroke, teeth swing perpen- 
dicular to the rack and ex- 
tend about 34” into each rack 
bar space. Nature of trash to 
be handled dictates design of 
teeth. Special teeth are avail- 
able for cleaning racks of fila- 
mentous algae, seaweed, etc. 


Positive cleaning action 
calls for guided rack rakes 


Excessive loads of trash cannot push a Newport 
News rake away from the racks. 


And there’s no chance of the rake riding over 
trash on the upward cleaning stroke. Nor will its 
teeth drop the debris. Because Newport News 
builds the rake to operate in channel guides... 
for positive cleaning action. 


That’s why efficient rack cleaning assures the 
maximum head at intakes and is yours when you 
put a rugged and dependable Newport News 
Mechanical Rack Rake on the job. 


Maximum width of a single rake is determined 
by design of the forebay. Where a single bay is 
extremely wide, intermediate guides are some- 
times installed to reduce width of the rake. Such 
installation is relatively inexpensive. 


A power-operated Newport News Mechanical 


Rack Rake, under ordinary conditions, enables 





one man per shift to keep racks clean for a 
dozen bays, from 5’-6” to 28’-6” in width. 


Trash is cleaned from the rake manually, or by 
a mechanical “sweep”, into a flume, a car or onto 
a trash apron. Loca! conditions and nature of the 
trash dictate method of disposal. The many typi- 
cal installation arrangements fit most needs, but 
each installation is a custom built joo. 


We invite inquiries from water users who are 
troubled with trash. Write for your copy of 
“RACK RAKE”, an illustrated booklet describ- 
ing the operation and advantages of the Newport 
News Mechanical Rack Rake. 


Newport News 
Shipbuilding and Dry Dock Company 
Newport News, Virginia 
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4 i] Electrical Data for High Tension 
JZ. i Power Lines. In 32 pages of text and dia- 
—— Ti grams leading experts of the Swedish State 
Power Board give calculation data and for- 
mulas for selecting conductors and arrang- 


ing them in power lines. 









Feral Cable. New booklet telling of Svenska 
Metallverken’s plant at Vdsterds where 
renowned Swedish steel-cored aluminium 
conductor is producedinany required length. 





Electrical Data 
for High Tens 
Power Lines 












a 
by 
ito 
he 
pi- 
yut 
re For those thinking about new power lines, these two as a guide for engineers in selecting conductors for power 
of booklets complement each other. The one describes the lines. The authors are two leading Swedish power 
unique manufacturing facilities for making Feral Cable. engineers—men who have themselves helped design and 
ib- It also tells of recent big power projects in various parts build Sweden’s record-breaking power network. 
ort of the world where Feral Cable has been used for the Both publications can be obtained by writing to AB Sven- 
transmission lines. The other is a technical paper written ska Metallverken, Feral Cable Division, Vasteras, Sweden. 
 ] e 
Manufacturers of FERAL CABLE: Today’s Highway for Power 
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ACHIEVEMENT! 


EIMCO 40H 


Photograph by courtesy of The Nationa! Coal Board. 


at | in 89 


The Cementation Co. Ltd. at a 

National Coal Board Colliery, achieved an 

advance of 189 FEET in a 

16 ft. x 12 ft. arched drift in 7 days at a dipping 

gradient of | in 8-9, using an Eimco Model 

40 H Rockershovel. 

Yet a further instance where EIMCO 

loading equipment has helped achieve high speed advances. 


£/IMCO [CREAT BRITAIN) LIMITED 


Head Office and Works: TEAM VALLEY, GATESHEAD, il, ENGLAND. LOW FELL 7-724l 
London Office: PRINCES HOUSE, PICCADILLY, W.I. GROsvenor 2184 


WATER POWER December 1956 








\ 
\ 





t 
| 
| 


Fishbelly flap, 24.5 m. width, 3.8 m. high, 
assembled in the workshop 


Section of a weir with fishbelly flap 
Fishbelly flap, inside view 


We construct and supply 
Hydraulic steel structures for Weirs 
River and sea locks 
Valley storage dams 
By-pass gates, Safety gates 
High-pressure piping (penstocks) 
Dock gates 
Ship lifts 
Slipwoys 
Floating cranes 
All hydraulic structures 
(including mechanical and electrical 
equipment) are supplied 
and erected ready for operation 


FRI E D. KRU PP MASCHINEN- UND STAHLBAU RHEINHAUSEN 
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At Hiwassee Dam, adding a pump-turbine, rather 
than a conventional turbine-generator unit, is ex- 
pected to increase peaking capacity as much as 
44,000 kw during extended periods of low woter. 
Shipped in three sections, this world’s-largest 
Francis runner was assembled at the dam site. 


NOW Installed and Operating 
at TVA’s Hiwassee Dam 


— storing 
off-peak power 
as re-usable 


Here, the 310-ton, 329-inch diameter generator- A i a f 9 
motor rotor is ready to be lowered into stator. 








Sump-Turbine Combination 


=e 


cmt en! SY 


IK \ \ ieee 
s \ xs “Ss “s> | 





@ Ina single unit, this pioneering hydroelectric installation 
operates as a 70,000-kva turbine-driven generator when rotating 
in one direction, and as a 102,000-hp motor-driven pump when 
it rotates in the reverse direction. 
As a turbine it has a maximum capacity of 112,000 hp to 
generate valuable peaking power during demand periods. 
As a pump it has a rated capacity of 3900 cubic feet per 
second against 205-ft head — nearly three times the water re- 
quirements of New York City. When off-peak power is available 
from other plants on the TVA system, this unit — with its 
102,000-hp motor, the world’s largest — pumps water into stor- 
age for re-use during peaking periods. 
This reversible pump-turbine is further proof that you get 
MORE design advances first from Allis-Chalmers — builder of 
over 15 million installed hydraulic turbine horsepower. 
For all or any part of your needs, call the Allis-Chalmers 
tepresentative near you, or write Allis-Chalmers, Power Equip- 
ment Division, Milwaukee 1, Wisconsin, U.S.A. Manufacturing In this cutaway view, size of pump-turbine unit 
plants in the United States and Canada. is indicated by man standing on upper level. 


CHALMER c 








Constructed by / Careful Craftsmen 


YORKSHIRE ELECTRIC 
TRANSFORMER CO. LTD. 
THORNHILL, DEWSBURY 


YORKSHIRE YORKSHIRE ELECTRIC TRANSFORMER GO. LTD. 


Telephone : Dewsbury 1691/2 


(AAA 


= 
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Complete f 
Equipment for 
Water Power Plants 


Turbines of the Francis, Kaplan and Pelton type for 
various heads and outputs, transformers, generators, 
outdoor and indoor switch-gear, control-rooms, etc. 
The Worid-renowned SKODA and CKD Trade-marks 
guarantee the first-class technical design and quality 
of equipment supplied by us. We give integral 
guarantees for complete deliveries. We shall be 
pleased to advise you in all your problems connected 
with the projection of water power plants. 


TECHNOEXPORT 


FOREIGN +TRADE CORPORATION FOR EXPORT OF 
COMPLETE INDUSTRIAL PLANTS 


% VACLAVSKE NAMESTI, PRAHA |! 
CZECHOSLOVAKIA 
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many guises... 


countless problems... 


CHATEAUNEUF.DU-RHONE (FRANCE) 


Scale model used for study of complete 


one specialist... Ss tt we ie no cies 


SOGREAH 


A CONSULTANT ORGANIZATION 
FOR ALL HYDRAULIC PROBLEMS 


THEORICAL AND EXPERIMENTAL 
RESEARCH AND STUDIES 


SCALE MODEL TESTS 


HYDROELECTRICITY 

S @) é@ R E : H RIVER HYDRAULICS 
MARITIME HYDRAULICS 

SOCTETE GRENOBLOISE DETUDES ET D APPLICATIONS HYDRAULIQUES 

GRENOBLI Av. Léon Blum Tél. 44.55.30 SPECIAL RESEARCH 

PARIS (8°) - 155, Bd Haussmann . Tél. BAL 03-12 HYDRAULIC SURVEYS IN THE FIELD 


F>n 200% 


| 
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CRAELIUS COMPANY LIMITED, 12 CLARGES STREET, LONDON, W.I. 


Telephone: GROSVENOR 1378/9 Telegrams: CRAELIUS, LONDON 


Associated Companies 


THE SWEDISH DIAMOND ROCK DRILLING CO., STOCKHOLM THE CRAELIUS EAST AFRICAN DRILLING CO., LTD., NAIROBI 
THE ELECTRICAL PROSPECTING CO., STOCKHOLM SOCIETE ANONYME CRAELIUS, PARIS 
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The total water-power capacity from 


16,000 VOITH TURBINES 


installed throughout the world since 1870 now stands 


20,000,000 h.p. 


A representative VOITH supply (see illustration) : 

Three 4-jet double Impulse Turbines installed in the Cipreses Power 
Plant (Chile). Each turbine is rated at 52,400 h.p. under a |,180-foot head. 
Six Voith Rotary Valves, inside diameter 3’ 3’, are used as shut-off valves 


ahead of the turbines. 








© J.M.VOITH GMBH: HEIDENHEIM (BRENZ)- GERMANY 





16 WATER POWER December 1956 





On Harbour alterations at Folkestone, 
Edmund Nuttall Sons & Co. Ltd. use = 


this modern oil-cooled rotary compresso1 


. TOMUND ET SONS 3 Neos 


— ee 


y 





The Compressor without 
maintenance problems... 


More and more contractors are turning to the well to the fore include fully automatic safety 
Power Vane rotary compressor, a simple devices, centralised instrument panel, non- 
two-stage vane type rotary machine having detachable folding side shutters and radiator 
none of those moving parts most subject doors. Power Vane rotary compressors are 

to maintenance problems, i.e. pistons, available in a range with outputs of 125, 
valves, crankshaft and clutch. The entire 210, 365 and 600 cu. ft. Certainly this is 
unit runs in oil and is oil cooled. Other something every Plant Engineer should 

desirable features which put the Power Vane know about. Ask for Catalogue 58C. 


"oS WER 


ROTARY COMPRESSORS 


MANUFACTURED BY CONSOLIDATED PNEUMATIC TOOL CO. LTD., 232 DAWES ROAD, LONDON, S.W.6 


CP80 
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Z 
"— Marellt 


ERCOLE MARELLI &C.S.p.A. 


MILAN (italy) 


uJ 


ra, HYDRO-ELECTRIC 
EQUIPMENT 








Rotor, shaft and stator 
for one of the two Water 
Wheel Alternators (110,000 
kVA—13,800 Volts—300 r.p.m. 
weight 650 tons) installed by 
Marelli in the Cimego Hydro-Electric 
Power Station of the Societa 
Elettrica Bresciana (Italy). These 
alternators are believed to 
be the largest horizontal 
units yet built. 


WATER POWER December 1956 














utilisati on 


of the 


FOR HYDRO-ELECTRIC PLANT 


Sah eeei ea tO) ele tt tO mele) ne \elewe © OS | O 


TELEPHONE : 56 53 22 - CABLES: FERRUMPIPE, OSLO 
FERRUM (ENGLAND) LTD., 43 NORFOLK STREET, LONDON, W.C.2 
TELEPHONE : TEMPLE BAR 2528 + TELEGRAMS: FERRUMPIPE, LONDON 


WATER POWER December 1956 19 








~ AN \ 


The “El Nihuil,, 
station (93.000 kVA) in 


shown in 


power 


Argentina, 
the illustration, has 
been entirely des- 
igned, manufactur- 
ed and installed 

by Ansaldo - 


San Giorgio. 


| 
AINSALDO-SAN GIO 


GENO OVA 


COMPLETE HYDRO - ELECTRIC POWER PLANTS 


fienerators.¢ Trans- 
formers ¢ Synchro- 
nous condensers e 
Turbines of all 
types ¢ Centrifugal 
and propeller 
pumps ¢ Mercury 
rectifiers ¢ Trac- 
tion equipmente 
Electric motors 

of all kinds 


A Switchgear. 


RGIO 
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Storage Pumps 
for hydro-electric power schemes — 


iy-meceliohogiate Malle lm lime tiolgelel moll sl Mela 
at present in hand: - 


two pumps for 
Reisseck Power Station, Austria 


each for 6,000 g..p. m., head 3,510 ft. 
speed 1,500 r.p.m., input 7,550 H. P., final 
pressure 4,085 ft.) 


one pump for 
Lunersee Power Station, Austria 


discharge 49,250 g. p. m., head 3,182 ft., 
speed 750 r.p.m., input 54,750 H. P.) 


one pump for 
Motec Power Station, Switzerland 


discharge 43,050 g.p.m., head 2,060 ft., 
speed 750 r.p.m., input 30,400 H. P.) 


Lake Oberaar, 7,550 ft. above sea level, 


Ta ial-Mes\-taal-t1-M @)ol-talelale MENS Ui a-talelale, 








Yo f x . 3 
jh ; 
¥, 
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(SULZER 

















25,100-H.P. storage pump for the 


Grimsel-Oberaar Power Station 





SULZER BROTHERS LIMITED, WINTERTHUR, SWITZERLAND 


SULZER BROS. (LONDON) LTD., 31, BEDFORD SQUARE, LONDON W.C.1 
(INCORPORATING HATHORN, DAVEY & COMPANY, LTD.) 





oo 





WEL INn 


LARGE ELECTRIC MACHINES AND 
TRANSFORMERS 





Photo: ELIN 


Stator casing of a vertical-shaft generator, 45,000 kVA, 68°2 r.p.m., weight of 


generator 370 metric tons for Danube Power Station Ybbs-Persenbeug (six 


generators ordered). 


nELINe AKTIENGESELLSCHAFT FUR 
ELEKTRISCHE INDUSTRIE 
VIENNA AUSTRIA 
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COMPLETE 


FOR WATER 
POWER PLANT 





View in erection shop, show- 
ing assembly of large Francis 
Turbines. In the background 


the giant turning mill. 


M.VOITH-AUS 


a Address: J. M. VOITH, ST. POELTEN, AUSTRIA, POSTFACH 168. Cables: VOITHWERK ST. POELTEN. Teletype: Ol 2148 








Casting this water turbine runner 

in a single piece from aluminium-bronze was 

a considerable achievement. 

Birkett, Billington & Newton were able to tackle 
the job because they have specialised in the 
development of this metal, and their unrivalled 
experience and facilities enable them to carry out 
such problematic non-ferrous castings. 
Aluminium-bronze has a high yield point and a 
low weight/strength ratio, and is very resistant to 
shock, erosion, corrosion and abrasion. 


One of Britain’s Largest 


Non-Ferrous Foundries 


y NON-FERROUS 
i” 


> o. 


CASTINGS? 


Re Lincesey W5 
RY) dad aid 


* Pi: 
were oe 
: bi phew 
Fe 


The runner and other castings have been made by Birkett, 

Billington and Newton for this 750 H.P. Pelton Wheel 

Generator supplied to the New Zealand Government by 
Gilbert Gilkes and Gordon Ltd., of Kendal. 


Castines from a few ounces to 10 tons in phos 
phor-bronze, gun-metal, aluminium-bronze, man 
ganese-bronze and light alloys. Precision machined 
bushes and bearings. Specialists in high-tensile 
aluminium-bronze castings, centrifugal-cast wheel 
blanks, and chill-cast rods and tubes. 








T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, 


STOKE-ON-TRENT 


Head Office: HANLEY, Phone: Stoke on-Trent 22184'5 67. LONGPORT, Phone: Stoke-on Trent 87303 
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VIA STENDHAL 34 


How ALCOA GOT LOW-COST POWER 


DEVELOPING 
MARGINAL SITES 


To get additional hydropower at minimum costs, Alcoa and its subsidiary, 
Nantahala Power & Light Company, have reached into the headwaters of 
the Little Tennessee River. As shown on the sketch map, four small sites on 
the east and west forks of the Tuckasegee River and Tennessee Creek now 
permit far greater utilization of the available water. But to make such 
installations pay, construction, operating and maintenance expenses 


were carefully planned and closely controlled. 


Each of the new facilities is remotely operated from an existing station. 
Rock fill dams and unlined tunnels helped keep costs down, while 
powerhouses were built just large enough for the unit. On the SMS turbines 
themselves, vulnerable parts were given protective coatings of stainless 


steel to reduce maintenance over the years. 


SMS turbines at these four stations have a total rated output of approximately 
39,000 hp. All four of these are SMS-Francis types, while at Queens Creek 
Station a 2,250 hp. SMS-Impulse turbine operates under a 999-foot 
maximum gross head. SMS butterfly and relief valves were supplied with the 
Tennessee Creek installation. Whatever your needs for hydraulic turbines 
and accessories, contact S. Morgan Smith Company at York, Pennsylvania. 


HYDRAULIC GATES & HOISTS 
TURBINES 
TRASH RAKES 
PUMPS ACCESSORIES 


HYDRODYNAMICS Ss; 


ROTOVALVES FREE-DISCHARGE 
VALVES 
AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


BALL VALVES 
CONTROLLABLE P ; : 
BUTTERFLY PITCH Licensees: The Harland Engineering Company, Ltd., Alloa, Scotland 
VALVES SHIP PROPELLERS Tokyo Shibaura Electric Co., Ltd., Japan 
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Cedar Cliff is typical of the small, 
unattended stations in this develop- 


ment. 


Between 1949 and 1952, Alcoa de- 





veloped extra hydropower at low 
cost from these small sites on the 
headwaters of the Little Tennessee 


River. 


CEDAR CLIFF 
~. 9,400 hp. 
SMS—Francis turbine 
170 ft. head 


TENNESSEE CREEK 


* 12,570 ho. 
TUCKASEGEE SMS—Francis turbine 
3,915 hp. 502 ft. head 
SMS—Francis turbine * 
118 ft. head oe 
BEAR CREEK 
13,040 hp. 


SMS—Francis turbine 
230 ft. head 
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Now you can choose a 


compressor from one of the 


biggest ranges of portables 


in the world 


The smallest of the new range, an 

Atlas Copco Type KE6-FV compressor, 
alongside the largest, an Atlas Copco 

Type Arpic 600 compressor 


Arpic Engineering, one of the world’s foremost manufac- 
turers of portable compressors, is now part of the Atlas 
Copco Group. Previously, both companies manufactured 
an extensive range of portables. The new combined range is 
therefore one of the most comprehensive in the world. 
From one source you can now choose portable compressors 
with air deliveries ranging from 36 to 600 cubic feet per 
minute. Portables for any operation, climate or altitude— 


all from Atlas Copco. 


The various plants of Atlas Copco and Arpic will now come 
under a common direction and a combined team of produc- 
tion engineers. This dovetailing of facilities will result in 
increased production and earlier delivery dates for the new 
range. It will also speed servicing and the supply of spare 





parts. Other benefits will emerge from the pooling of techni- 
cal knowledge, leading to positive improvements in design. 
The new range, besides being a thoroughly comprehensive 
one, promises to be one of the most advanced and most 


reliable on the market. 


Atlas Copco is the largest group of companies in the world 
specialising solely in the development and manufacture 
of compressed air equipment. With the addition of some 
30 Arpic overseas depots, there will now be Atlas Copco 
companies or agents selling and servicing the new range 
in ninety countries all over the world. Please write for 
further details of the new range and its distribution to 
your local Atlas Copco company or agent, or to Atlas 
Copco AB, Stockholm |, Sweden. 


THE AtlasCopco GROUP OF COMPANIES 


Manufacturers of Stationary and Portable Compressors, Rock- Drilling Equipment, Loaders, Pneumatic Tool: and Paint-Spraying Eq 


pment 
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1 OT Ot | i fe) Sa @) eS 
ATELIERS DU CREUSOT 


15, Rue Pasquier, PARIS 8 Tel : Anjou 34-40 


(USINES SCHNEIDER) 


Mechanical Gngineering Construction 
(CANADA) 


LE MATERIEL ELECTRIQUE | 
Constructions électriques SCHNEIDER 
Licence WESTINGHOUSE 


32, Cours Albert-t' PARIS (VIII") 


Glectrical Work 
BINE EL OUIDANE 
(MOROCCO) 


— 
DE TRAVAUX 


COMPAGNIE INDUSTRIELLE 
DE TRAVAUX 


16, Boul. Malesherbes, PARIS 


(ENTREPRISES SCHNEIDER) 


Civil Cngineeting Work 


TREWALLYN 
(AUSTRALIA) 





...are engaged on every continent 
in the development of major 
Hydro-Electric Power Plants 
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ANOTHER 


MAJOR FOUNDATION PROBLEM 
SOLVED BY INTERNATIONAL ENGINEERING... 





An important railroad trestle crossing, stretching 13 
miles across America’s Great Salt Lake, presented many 
problems. 


Was the timber trestle construction efficient enough 
to afford minimum maintenance and permit full-speed 
train operation? 

Would the sediments in the lake bottom support a 
rock fill embankment ? 


The International Engineering Company was called 
on for the answers. By extensive field and laboratory soil 
investigations, seismic refraction surveys, and feasibility 
studies, they established that rock fill construction had 
significant advantages over rehabilitation of the existing 
timber trestle. Later they developed the rock fill design 


INTERNATIONAL ENGINEERING COMPANY, INC. 


74 New Montgomery Street * San Francisco, California, U.S.A 
A subsidiary of Morrison-Knudsen Company, Inc 


... prepared construction plans and specifications and 
provided cost estimates. 

Result: another complex project successfully launch- 
ed by International Engineering! 


SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 


e Reconnaissance and Surveys 
Preliminary Analyses and Evaluation 
Estimates, Financing Plans and Project Recommendations 
Design Drawings and Construction Specifications 
Analysis of Bids and Bid Recommendations 
Detailed Construction Drawings 
General Engineering Supervision 


Final Reports and Record Drawings 


For a complimentary 
copy of our 16-page illustrated 
brochure, write to Dept. M.2 


Representatives: ENGLAND: 47 Victoria Street, London S.W. 1 
CANADA: 1111 W. Georcia Street, Vancouver, B.C. * PAKISTAN: P.O. Box 4851, Karachi 
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MACHINE 
POWER TESTS 


SYSTEM E.o. F. 
POWER TESTS (FONTENAY) 


CONTROL SLABS PANELS 


ANO SWITCHBCARDS FOR MEDIUM, HIGH AND ULTRA-HIGH VOLTAGES 





MACHINE AND SYST GALILEO-SADE 
v EM . 
POWER TESTS i (SCORZE) 


BUSHING INSULATORS 


PADOVA 
UNIVERSITY 


- INSTRUMENT AND PROTECTIVE TRANSFORMERS 


DIELECTRIC TESTS cath 

1EL q 

TEMPERATURE TESTS, (TESTS LABORATORY) 
WET TESTS, MECHANICAL 

OPERATION TESTS 

AND GENERALLY ALL THE 

ROUTINE TESTS 


CIRCUIT BREAKERS 
ISOLATING SWITCHES 





One French station of the 
Electricite de France equipped 
with Galileo Circuit Breakers 
for 150 kV. 


OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Di BATTAGLIA TERME SpA 


OFFERS AND DETAILS PLEASE ENQUIRE TO 
UFFICIO COMMERCIALE DELLE 
OFFICINE ELETTROMECCANICHE GALILEO 
MILANO. ViA P. CASTALDI, 24 (ITALY) 
PHONE 265370 
TELEGRAMS. ELETTROGA MILANO ITALY) 
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= ZT = WATER CONTROL 


Sluice and Lock Gates and Operating Gear 
designed, manufactured and erected for the 
following important installations in Iraq: 


RAMADI KUT 
SAMARRA WARRAR 
MUJARAH HILLAH 

HINDIYAH DHIBBAN 


WATER SUPPLY . IRRIGATION . POWER PLANTS 
RIVER CONTROL ° LOCKS and DOCKS 


RANSOMES & RAPIER LTD. 


IPSWICH - ENGLAND 
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P.O. BOX 308 BRESCIA 


Ph. 36.700 BRESCIA 


Cable: ATUB-BRESCIA 
ITALY 





a. 
ye 
a 


OF a ‘ 
aexcdnt. as . 


CIMEGO HYDRO-ELECTRIC PLANT - TRENTO - (ITALY) 


Penstock under erection 
@3300/2900 mm. - 1220 m. length - 739 m. head - 34 cu. m. flow per sec. 


ACCIAIERIA E TUBIFICIO DI BRESCIA 


formerly TUBITOGNI 
PENSTOCKS 
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PRINCIPAL: S.I.P. SOCIETA IDROELETTRICA PIEMONTE - TURIN [Ezz 











type: ARCH GRAVITY - MAX. HEIGHT: 434 fe. - CREST LENGTH: 1,280 f. - votume: 550,000 cu. yas. 



































mG. TORNO..| 


BUILDING & CIVIL ENGINEERING CONTRACTORS & CONSULTANTS i 








7, VIA ALBRICCI, MILAN, ITALY - CABLE ADDRESS: IDROTORNO 
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ACTIENGESELLSCHAFT 


SCHINENFABRIK 


MA 
Graz-Andritz,Austria 













FOR PUMPING PLANTS AND IRRIGATION 


FOR AQUEDUCTS 





FOR CIVIL - AGRICULTURAL 
AND INDUSTRIAL USES 




















ELLIZZHRI 







ELECTROMECHANICAL 
INDUSTRIES 


THE 


WATE 





Works: ARZIGNANO VICENZA LONIGO MONTEBELLO MONTECCHIO italy 
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Power for Pakistan 
























West Punjab, with five rivers and fertile plains, produces 
much of Pakistan’s cotton, sugar, and cereals. Until 
recently it depended on India for electric power, but 
now the Rasul Hydro-electric Station, in the Gujrat 
District, generates power from the drop between the 
Upper and Lower Jhelum Canals. This undertaking 
will help to electrify twenty-eight towns, and power the 
tube-wells in the Chaj and Rachna Doabs, where 
thousands of acres have been rendered unfit each year 
by rising water-tables and sub-soil salinity. BTH 
equipment plays a major part in this scheme, helping 
again to harness natural resources to the betterment 
of the community. 











A view of the Rasul Power Station 


For the Rasul Power Station, BTH supplied the 
two 12,500 kVA alternators, driven by Boving 
Kaplan turbines. BTH also supplied the 132 kV 
switchgear and the 132/66kV transformers, together 
with the 5,000 kVA synchronous condensers at 
Lyallpur Sub-station. 





a ee, 
The two BTH 12,500 kVA alternators 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
Member of the AE/ group of companies A 4994 
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The two Brown Boveri 20,000-kVA, 500 rev/min genera. 
tors in the’ Torrét power station of Société des Forces du 
Chatelot S.A., La Chaux-de-Fonds (Switzerland) 


}- ASSP Ses 


Some of our products : 


Generators 


Research and cuca 


Air-blast circuit-breakers 
* 
by erience and high-voltage equip- 
p ment up to 400 kV 


Protecting and regulating 


equipment for power 


are the fundamentals on 

. stations and systems 
which our world-reputed 

’ b wrrier equipment f 

products are designed and built 


telepnony, telemetering 


and remote control 


Control + 


BROWN. BOVERI & CO., LTD., BADEN (SWITZERLAND) 


Representatives in most countries 











PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 











CAP DE LONG: Self-hooped penstock for the 
Pragnéres Power Station, in the Pyrénées. 


Head 1,252 metres, Flow 14,6 cu.m./sec. 
Diameter 2.25 to 1.60 metres, Power 200,000 H.P. 


PASSY: Penstock bridge over the River Arve, 
in the French Alps. 


Span 72 metres, Diameter 3 metres. 


ETABTS:- BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 


a 
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Not only does water provide a home for tufted 
duck but it is also one of mankind’s chief sources 
of power. Wherever there is falling water 

a water turbine can be installed — the simplest 


TUFTED DUCK (Nyroca Fuligula) and most reliable form of prime mover— 


Found h water th h t : . ; P 
ae Se ee no fuel bills, long life, little maintenance and 


Britain; floats idly all day and flies to its oa ? . 
requiring only unskilled attention. 


feeding grounds at night. Food: water plants, 
GILKES are specialists in the field of small hydro- 
insects and small fishes. Nests in colonies 


electric units; we can supply installations to 
in rushes or coarse grass and raises eight 


eo twelve young each season, operate on any head from 3 feet to 5,000 feet 

(or | metre to 1,500 metres) and to develop 

any output up to 1,000 kilowatts on low heads 

or 10,000 kilowatts on the higher heads. 

If you wish to make the fullest and most economic 


use of your potential water power, let GILKES 


advise you 


9000 B.H.P. Pelton Wheel for Bolivia 


GILBERT GILKES & GORDON LTD 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2. Telephone: HOLBORN 3231 
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MAY WE OFFER OUR 
VALUABLE EXPERIENCE 
IN THE QUESTION OF 





The Annular Core Drill 


AND 
a LOADING EQUIPMENT 
- 2 ee 4 for 


Tunnelling 


and 


CE ates Clore Headway Driving 


The Rotary Disc Loader 





The Rotary-Percussive Drill 


The Rocker Shovel 











SALZGITTER MASCHINEN AKTIENGESELLSCHAFT 


Phone 441 Wire: SAMAG SALZGITTER-BAD (W.-Germany) Telex: Samagszg 0252805 


Represented in England a 
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APUANIA SUBSTATION OF THE 
MONTECATINI POWER Co. 


50,000 KVA, 220/6-10.39 KV, 50 cycles 
three - phase transformer forced-oil cooled 
with forced-air coolers. 


COMPAGNIA GENERALE DI ELETTRICITA 


34, Via Bergognone - MILAN - (Italy) 
GENERATORS, MOTORS, TRANSFORMERS, RECTIFIERS, TRACTION 
EQUIPMENT, SWITCHGEAR, RADIO, DOMESTIC APPLIA NCES 
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IN THE WORLD’S LARGEST TUNNEL 
THEY’RE DRILLING 500 FEET PER MANSHIFT 


At Stornorrfors, in the north of Sweden, the Swedish State 
Power Board is constructing the biggest power station 
ever to be built in that country. It will have an installed 
generating capacity of 390,000 kilowatts. A major feature 
of the project is the discharge tunnel, easily the largest in 
the world. It will have a section of 4,200 square feet and 
will be 2 miles long. By the time the tunnel is completed 
it is estimated that 2 million cubic yards of rock will 
have been excavated. The equipment chosen to do this 
job are Atlas Copco rock drills. 


Top heading of 1,720 square feet 

Ten years ago it would have been unheard of—and also 
uneconomical—to drive a tunnel with such a massive 
section. But today, due to the outstanding advances 
brought to drilling by Atlas Copco equipment, a section 
this size is possible and economically advantageous. Atlas 
Copco drills mounted on pusher legs have already driven 
the top heading of 1,720 square feet. With this equipment, 
up to 33,000 cubic yards of rock were excavated each 
month. 


Benching now under progress 
The top heading is being followed by two benches, of 
about 1.230 square feet each. Thirteen chain-fed Atlas 


Copco drills carried on a rig are being used for these two 
final stages of the excavation. (The rig has been designed 
by the contractors to meet the special conditions existing 
at Stornorrfors, and is operated by two Atlas Copco 
winches.) This method and equipment has achieved out- 
standing results, as shown in the following analysis of 
the drilling so far at Stornorrfors. 





Burden 5.6 feet Column charge per hole 4.4 Ibs. 
Spacing 5.7 feet Total charge per hole 17.6 Ibs. 
Inclination of holes 2:1 Total charge per cu. yd. 0.65 Ibs. 
Depth of holes 32.8 feet Drilling crew per shift 4drillers 
Height of bench 21.6 feet | mechanic 
Footage per cubic yard 1.55 Lines of holes drilled 

Bottom charge per hole ‘13.2 Ibs. per shift 5-6 





Footage per man and shift 425-500 











The Atlas Copco Group puts compressed air to work for 
the world. It embraces Atlas Copco companies or agents 
manufacturing or selling and servicing Atlas Copco equip- 
ment in more than ninety countries throughout the world. 
For further details of the equipment featured here, con- 
tact your local Atlas Copco Company or Agent. If you 
have any difficulty in locating the address, please write to 
Atlas Copco AB, Stockholm 1, Sweden. 


THE Sttlas Copco GROUP OF COMPANIES 


Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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Harnessing 
Water 


For Hydro-Electric installations 

South Durham Service is complete 

It embraces the design, manufacture, installation and final test of all Piping 
supplied The advice and experience of our technical staff and drawing office 


are readily available for the assistance of engineers engaged in the planning of 


Hydro-Electric proj WWW 
” uae Hydro-El } Y HM fl 
pive-Siestele pipetne-—arartad, eaiet ond eeieiy = 7 

V U yy 


South Durham for the Hydro-Electric Project at Vila Nova, Portugal 1 4% Y 


4% 
WY YM MMA 


7 


Pi 
SOUTH DURHAM 3 


SOUTH DURHAM STEEL & IRON CO. LTD., (incorporating Cargo Fleet Iron Co. Ltd.) 
Malleable Works, Stockton-on-Tees, Co. Durham. Telephone: Stockton 66117 
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Circuit breaker type “P,, 
Rated voltage 500 V 

Rated current up to 4000 A 
Breaking capacity up to 50 kA 







































































































































































































































































































































































































































































































































































































































































SACE 




















| Circuit breaker type “Z 2,, 
Rated voltage 500 V 
Rated current up to 600 A 


Breaking capacity 20 kA 
at 500 V a. c. 


Circuit breaker type “ MPR,, 
Rated voltage up to 30 kV 
Rated current up to 800 A 
Breaking capacity up to 500 MVA 


114 





DACE SpA COSTRUZIONI 


ELETTROMECCANICHE - BERGAMO 


Address: “SACE, 35, BAIONI STREET - BERGAMO (Italy) 
Telegrams: “SACE, BERGAMO (italy) - MILANO Office 1, E. Duse Square 





> 


E 


RGAMO 
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HE Hackbridge and. Hewittic Electric Co. Ltd. has 

a long and extensive experience in the manufacture 
of water cooled and other types of Transformers, up to 
the largest sizes, for hydro-electric power distribution. | 

HACKBRIDGE Transformers have established an 
unrivalled reputation. for reliable service in world-wide 
hydro-electric. installations, with operating conditions 
ranging from the tropical heat of East Africa to the 
extreme cold of Northern Canada. 


HACKBRIDGE AND HEWITTIC ELECTRIC CO., LIMITED 
WALTON-ON-THAMES - SURREY - ENGLAND 
Telephone : Walton-on-Thames 760 (8 lines) Telegrams : “ Electric, Walton-on-Thames” 


Tr. 


OVERSEAS REPRESENTATIVES.—ARGENTINA : H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and Hewittic Erectric Co. Ltd., 17! 
Fitzroy Street, St. Kilda, Victoria; N.S.W.: Queensland: W. Australia: Elder Smith & Co Ltd.; S. Australia: Parsons & Robertson Ltd. BELGIUM & LUXEMBOURG: 
M. Dorfman, 5 Avenue des Phalenes, Brussels, BRAZIL: Oscar G. Mors, Sao Paulo. CANADA: Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal; 
The Northern Electric Co. Led., Montreal, ete. CEYLON: Envee Ess itd.. Colombo. CHILE: Ingenieria Electrica S.A.C., Santiago. EAST AFRICA: Gerald Hoe (Lighting) 
Led., Nairobi. EGYPT: Giacomo Cohenca Fils, S.A.E., Cairo. FINLAND: Sahké-ja Koneliike O.Y. Hermes, Helsinki. HOLLAND: J.Kater E.!., Oude kerk ad 
Amstel, Amsteldijk Noord, 103c. INDIA: Steam & Mining Equipment (India) Ltd., Calcutta; Easun Engineering Co. Led., Madras, 1. IRAQ: J. P. Bahoshy Bros Baghdad. 
MALAYA, SINGAPORE & BORNEO Harper, Gilfillan & Co. Ltd., Kuala Lumpur. NEW ZEALAND: Richardson, McCabe & Co. Ltd., Wellington, ete. 
SOUTH AFRICA: Fraser & Chalmers (S.A.) (Pty.) Ltd.. Johannesburg. CENTRAL AFRICAN FEDERATION: Fraser & Chalmers (S.A.) (Pty.) Ltd., Salisbury, ett 
THAILAND : Vichien Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. TURKEY: Dr. H. Salim Oker, Ankara 
URUGUAY: H. A. Roberts & Cia., $.A.U., Montevideo. U.S.A.: Hackbridge & Hewittic Electric Co. Led., P.O. Box 234, Pittsburgh 39, Pennsylvania. 
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TOBACCO jJARS AND DOOR KNOBS 


If ceramic door furniture, hermetically sealed tobacco jars, and lamp containers for 
silversmiths had not been the fashion in the ‘sixties’, Taylor, Tunnicliff would not be 
making the world’s finest porcelain insulators today, for it was this demand for 
precision pottery that brought together Thomas Taylor, an engineer, and William 
Tunnicliff, a potter. They combined their separate skills to manufacture the 
ceramic parts with greater precision than was hitherto possible. 


From the beginning they were successful, and owing to the foresight and 
determination of Mr. Taylor, who in the late nineteenth century saw the future of 
this new electricity, laid the foundations of the industry that today have made 
Taylor, Tunnicliff masters of porcelain insulation. 





OVERHEAD LINE INSULATORS 

SWITCHGEAR INSULATORS 

BUSHES AND BUSHINGS 

DIE MADE ARTICLES FOR LOW VOLTAGE APPLICATIONS 
CERAMICS FOR RADIO FREQUENCIES 

REFRACTORIES FOR HEATING APPARATUS 

FISH SPINE BEADS, ETC. 














YLOR TUNNICLIFF AN D COMPANY LIMITED 





al; 
s) 


id. 
tc. 
tc. 
ra. 


WATI 








Head Office : EASTWOOD, HANLEY, STAFFS. 
Stoke-on-Trent 25272-5 


London Office : 125 HIGH HOLBORN, W.C.1 
Holborn 1951-2 
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The Mettur Dam sub-station is one of many 


in South India equipped with posts type 
P.642 for 66K V and IIOKV. 
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Photograph reproduced by courtesy of 
Messrs. A.E.1. (India) Ltd. 


STEATITE & PORGELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire 


the main contractors, 


Telephone: Stourport !11 Telegrams: Steatain, Stourport 
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DORTMUNODER 


eT ite) 


BROCKENBAU-AG. 


«ia 
~ means 


application 


of the flownet _ 


and. high efficiency 


a 


“MODERN HYDRAULIC STEEL STRUCTURES: 


DORTMUNDER UNION BRUCKENBAU-AG - PLANT AT DORTMUND AND GELSENKIRCHEN 
WEST-GERMANY 
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A jump ahead.. 


The “FERGUSON PAILIN” Type XOPR60 
Oil Circuit-Breaker, designed for service al 
132kV, is the first in its category to be manu- 
factured in Great Britain capable of interrupting 
and making fault currents equivalent to 


5,000 MV A. 


j 


One of the most important 
components linked with such a 
splendid performance is the arc 
control device, contained within 
the fixed, or upper, portion of 
the contacts assembly shown 


[his type of circuit-breaker, now going into service in main 
substations, is the result of long experience in the manufacture 
of switchgear capable of dealing with heavy fault currents. Tests 
to prove the high service rating claimed were carried out in 
accordance with the requirements specified in British Standards. 

The circuit-breaker is ideally suitable for heavily interconnected 
systems and has been designed for use under any climatic conditions. 
Features of special interest are:— 

HIGH SPEED OF OPERATION—Total break time not exceeding 
3-cycles. 

ARC CONTROL DEVICES of the self-contained cross jet type. 
CONTROLLED VOLTAGE DISTRIBUTION during interruption of 
all currents up to maximum fault current. 

PNEUMATIC OPERATION Auto-reclose feature when required. 
EASE OF MAINTENANCE. 


, 


me 
peed —— 


F if 1 => 


OA ger 
i Las 
api “ees 
FS eg! wie) nit rt | py . The mechamsm kiosk is designed to 
“TL fy The + 3 Ce fet! ra the operating mechanism (pneumatic 
. at type). 

In addition this kiosk contains the locai 
control apparatus, secondary wiring terminal 
boards, multicore cable terminations and, 
where necessary, a heater. 


Ferguson | Pailin cumiteo 


roup of Companies 








Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROyisden 1301 (Pre Branch Ex) 
LONDON OFFICE Bush House. Aldwych. W.C.2 BIRMINGHAM OFFICE » Windsor House. 656 Chester Road. Erdington. 23 GLASGOW OFFICE Central Chambers, 109 Hope Street, Ch 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 
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The first underground power station 


Part of one of the contracts entrusted to The Mitchell Construction Company, 
the Ceannocroc Power Station, excavated out of solid reck, is the first major power station to 
be constructed completely underground for the North of Scotland 
Hydro-Electric Board. The Company’s other contracts at Glen Moriston include the 
construction of two Dams, the smaller of which, 


the Loyne Dam, is shown in final stages of construction. 


Consulting Engineers: Sir William Halcrow and Partners 


THE MITCHELL CONSTRUCTION COMPANY 


WHARF WORKS PETERBOROUGH 


MITCHELL 
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25000 HP horizontal shaft Francis-Turbine 


| WATER TURBINES, BUTTERFLY AND ROTARY VALVES 


LAND 


WATER POWER December 1956 








Soldering Aluminium Gables 


a new handbook 





CABLES LAID DIRECT IN GROUND—A.C. SYSTEMS ONLY 


3.3 kV AND 6.6 kV | Il kV 


3 Core Cables 





1,100 Vout 
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the simple and advanced techniques in use 
overseas. The appendices contain full rating 
tables for aluminium cables. 

Copies of the book are obtainable free on 


Cables with aluminium conductors and 
sheaths cost less than their equivalents in 
other materials, and so their use is steadily 
‘increasing. The problem of re-training jointers 


WATER POWER December 


in the latest methods is considerable, and as 
an aid we have prepared this new 84-page 
instructional handbook. It gives illustrated 
step by step instructions on the methods now 
popular in Great Britain, and also some of 


request from Aluminium Union Limited, or 
our Associated Company in Great Britain, 
Northern Aluminium Company, Limited, 
Development Division, Southam Road, 
Banbury, Oxfordshire. 


Aluminium Union Limited 


(Incorporated in Canada) 


THE 


ADELPHI, JOHN ADAM STREET, LONDON, W.C.2 An ALUMINIUM LIMITED Company 


OFFICES, ASSOCIATED COMPANIES AND AGENTS THROUGHOUT THE WORLD 


1956 








M-AcN 
HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NUERNBERG AG. - GUSTAVSBURG WORKS - GERMANY 


SOLE REPRESENTATIVES FOR C. WYKEHAM & COMPANY LIMITED, 

GREAT BRITAIN 17-19 Cockspur Street, Trafalgar Square, London, S.W. | 
BRITISH COLONIES Cable address: “Wycotraf” - Telephone: Whitehall 5307 
AUSTRALIA AND NEW ZEALAND: AUSTRALIAN BRANCH: 34, Queen's Road, Melbourne S.C.2 





SOLE REPRESENTATIVES FOR ESCORTS (Agents) Private Ltd., Pratap Buildings, Connaught 
INDIA: Circus, New Delhi - Telephone: 401 46 (4 lines). 
Cable address Escorts - Branches: Calcutta, Bombay, Madras. 
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Three 16,000 KVA 6.6/138 kV Transformers 
at the Saltos del Sil Power Authority. 

The transformers were specially constructed 
to meet site requirements. 


TRANSFORMERS 
IN SPAIN 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, 
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Huwood Conveyors are in wide use, not only in Britain but throughout 
the world—one of their most important applications being in the work of 
dam building for hydro-electric schemes. 

They have been chosen because they offer the highest degree of adaptability 
to varying sites, the utmost reliability, and the minimum of routine 
maintenance. 


Some hydro-electric schemes at which Huwood Conveyors 
have been, or are being used— 
SCOTLAND. Tummel Garry - Loch Sloy - Errochty Dam 
Lawers Dam 
AFRICA. Owen Falls - Uganda 
INDIA. Hirakud Dam Project in 


runner 


HUGH WOOD & CO. LTD. 


Head Office and Factories - GATESHEAD-ON-TYNE, I! 
Industrial and Export Office 


HUGH WOOD & CO. LTD., DASHWOOD HOUSE, 69 OLD BROAD ST., LONDON. €.C.2 
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THE KMW KAPLAN TURBINE 
FOR LILLA EDET POWER STATION 


in Sweden opened up the market for this turbine 








type, not only in Sweden but throughout the 


world. 



































THE SWEDISH STATE POWER STATION AT LILLA EDET 





KMW undertook the building of Kaplan turbines 35 years 
ago, and in 1921 we proposed a turbine of this type with a run- 
ner dia. of 5.8 m. for the Lilla Edet Power Station, belonging 
to the Swedish State. Swedish State Power Board were far- 
sighted enough to order this turbine the following year. It was 
started up and became a complete success. Efficiencies above 
90% were obtained from 3,500 HP to 10,200 HP with fully 
automatic regulation of both runner blades and guide vanes 


and no oil leakage and no difficulties in regulation and = = = 
LILLA EDET. EFFICIENCY CURVE FOR KAPLAN TURBINES. 
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operation were experienced. 


Since that time KMW have delivered about 280 units with a total output of 4.2 Million HP, this output being greater 
than that obtained by any other turbine manufacturer. 


Among the largest KMW turbines of Kaplan type can be mentioned: 


Head Output Speed 


Year Customer Plant Country 
Met. Feet B.H.P. r.p.m 


1929 Ryska Handelsdelegationen, Stockholm Swir USSR 11.0 36.1 37500 Be 
1931 Swedish State Power Board, Stockholm Vargon Sweden 4.3 14.1 15200 46.9 
1935 OY Rouhiala AB, Jaaski Rouhiala Finland 17.6 57.8 33000 100 
1937 Swedish State Power Board, Stockholin Stadstorsen Sweden 27.0 88.5 47700 125 
1939 Swedish State Power Board, Stockholm Hojum Sweden 31.0 101.6 63900 136.3 
1946 Swedish State Power Board, Stockholm  Hdlleforsen Sweden 27.0 88.7 57500 125 
1947 Egyptian Government, Cairo Aswan Dam Egypt 27.0 88.7 65000 100 
1949 Bergeforsens Kraft AB, Sundsvall Bergeforsen Sweden 22.75 74.6 48300 he. 
1950 Swedish State Power Board, Stockholm Ligga Sweden 40.5 132.8 105650 125 
1953 Swedish State Power Board, Stockholm Umluspen Sweden 30.0 98.4 54900 150 
1954. Balforsens Kraft AB, Kramfors Balforsen Sweden 31.0 101.7 51110 150 
1956 Swedish State Power Board, Stockholm  Jarkvissle Sweden 13.6 44.6 59450 75 


Among these turbines the Varg6n unit is one of the biggest in the world with regard to the dimensions, having a 
runner diameter of 8 m. (26.2 feet), and the Ligga unit with regard to the output, this being 105,650 HP. 


AB KARLSTADS MEKANISKA WERKSTAD Swepen 


Representatives in Canada: A. Johnson & Co. (Canada) Ltd., 1428 Shell Tower Building, Montreal 2 
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WADE BY BICC 


In February 1954, BICC were awarded a con- 
tract by the British Columbia Electric Company 
to supply and lay a submarine power link 
between Vancouver Island and the mainland. 


The contract required some 91 miles of 138,000-volt, gas-filled 
able—including five continuous lengths of over 15 miles. 





A special single-core gas-filled cable was designed with a hollow 


jyct conductor, for operation at 
: pressure Of 300 Ibs. per square 
sch. This was necessary in order 
tat the cable’s gas pressure 
yould always exceed the water 
sessure at the bottom of the 
Georgia Strait, some 600 feet 
ep in places. 


The cable was sheathed in lead alloy and reinforced against 
internal gas pressure by bronze tapes. A layer of vulcanized rub- 
ber protected the tapes against corrosion. Finally, the cable was 
armoured with galvanized steel 
wires for mechanical protection 
and to take the strain during coil- 
ing and laying operations. 

With the design settled, special 
plant was installed at a BICC 
Group factory in Manchester 
close to the docks, and pro- 
duction commenced. 


ISmile CONTINUOUS LENGTHS 
of SUBMARINE POWER CABLES 


MADE : LAID) [U4 


ID BY BIGC 


From Manchester to Vancouver (via Panama) it is some 8,700 
miles, But the first few hundred yards of this journey presented 


ne of the greatest problems. . 


. namely, moving the very long 


ind heavy lengths of cable (some weighing 800 tons) from the 


factory to the ship. 


A 45 feet high gantry with power winches was built to carry the 
ables, first to the coiling down shed for testing and storage, and 
ater, When all the cables had been made, over the docks area to be 


vaded aboard the ‘‘ Ocean Layer.’ 


” This up-to-date, 4,600 ton vessel 
is the second largest cable-layer 
in the World. Equipped with a 
Pleuger active rudder, housing 
an auxiliary propeller, she has the 
extreme maneeuvrability essential 
for cable laying. The long jour- 
ney to Vancouver was unevent- 
ful. Laying operations were 


successfully carried out under 
the control of BICC engineers, 
who also terminated and tested 
the installation. Thus, from start 
to finish, design, development, 
manufacture, transportation, and 
installation were undertaken or 
controlled by BICC — the only 
organization with the facilities to manufacture long, continuous lengths 
of power cable and to install them anywhere in the World ! 

Now, after only two and a half years, this joint Anglo-Canadian 
venture has been completed, on schedule. Thanks to the courage 
and enterprise of the British Columbia Electric Company and the 
engineering skill of the BICC Group, the swiftly growing and 
highly important timber, pulp and paper industries of Vancouver 
Island can now obtain adequate power from the hydro-electric 
generating stations on the mainland. 
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At the Bureau of Reclamation’s Chandler 
Power & Pumping Plant, Leffel turbines 
drive both power and pumping units 


Chandler Power and Pumping Plant seen 
from the south side of Yakima River. 


A principal component of the United States Bureau of Reclamation’s 
Kennewick Division of the Yakima project, the Chandler Power and 
Pumping Plant is situated near the junction of the Yakima, Snake and 
Columbia Rivers in south-central Washington. 

For economy in construction and efficiency of operation the power 
and pumping units were combined into one structure. Two Leffel 
turbines each rated at 8,500 HP under 118 feet net head, speed 240 
RPM, drive the generators and two Leffel turbines each rated at 
2,600 HP under 118 feet net head, speed 450 RPM, drive the pumps. 
These turbines are all of the vertical shaft, spiral case Francis type. 

When you consider turbines for your power project—whether it 
is a new installation or the expansion of existing facilities—keep in 
mind the advantages offered by Leffel . . . 94 years of experience, 
free engineering assistance, a large modern plant and thorough 


workmanship. 
For a 12-page folder describing all phases of the Chandler Power 


and Pumping Plant in complete detail and other literature showing 
Leffel turbines for all hydraulic power requirements fill out and return One of the spiral casings for the 8,500 


the coupon below. HP turbines on Leffel’s 24 boring mill. 
1098-E 


PTO PTTL, 


FREE LITERATURE 
THE JAMES LEEFEL & CO. Beattie 


—— Please send me 12 page folder on Chandler Power and Pumping 
Plant and other descriptive literature on Leffel hydraulic turbines. 
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¥O 120,000 k VA and ten 60,000 kVA 

0,000 volts three-phase Trans- 
rmers have been ordered by the 
Central African Federation Power 
ard for the Kariba Hydro Electric 
eme. This is the largest overseas 

Slormer contract ever to be 
aced in the United Kingdom. 


Wen 71,000 kVA, 301,400 volt 
ingie-phase Ferranti generator 
fansformers and six 37,000 kVA, 
15,000 volt wn Ferranti 
sformers have been ordered by 
ie Aluminum Company of Canada 


‘Lid, for the Alcan Project at Kemano 


ind Kitimat, British ‘Columbia. 

our of the generator transformers 

id all of the supply transformers 
now in commission. 


GARRISON DAM PROJECT 
Nine 33,333 kVA, 230,000 volt single- 
phase Ferranti transformers 
forming three 100,000 kVA banks 
have been supplied to the U.S. 
Army Corps of Engineers for the 
Garrison Dam Project, North 
Dakota. 


McNARY DAM PROJECT Six 
56,000 kVA, 230,000 volt, single- 
phase transformers have been 
ordered by the U.S. Army Co = 
Engineers for the McNary 
Project, Oregon. 


DALLES DAM PROJECT The 
contract covers eighteen 63,000 kVA, 
230 kV and three 63,000 kVA, 
115 kV, single-phase transformers 
for the U.S. Army Corps of 
Engineers Dalles Dam Project, 


Transformers 
for 
Hydro-Electric 
Schemes 


As specialists in the manufacture of 
transformers for more than 65 years, 
FERRANTI LTD. have been 
associated with many of the world’s 
largest hydro-electric schemes. 


More recent achievements include 
contracts for over 4,000,000 kVA of 
large high voltage power transformers, 
among which are :- 


Twenty-six Ferranti large power 
transformers have been ordered by 
the State Hydro-Electric Department 
of New Zealand. Thirteen 
14,800 kVA, single-phase, 50 cycles, 
11/220 kV transformers have been 
supplied to Roxburgh, and thirteen 
9,259 kVA, single-phase, 50 cycles, 
11/220 kV transformers have been 
supplied to Whakamaru. 


Three Ferranti 20,000 kVA, OFB, 
3-phase, 50 cycles, 132/33-66 kV 
transformers with on-load tap 
changing gear two Ferranti 
10,000 kVA, ON/OB, 3-phase, 50 
cycles, 132/33 kV transformers with 
on-load tap gear have been 
supplied for the Valley 
Power Scheme in India, 


FERRANTI LTD - HOLLINWOOD - LANCS 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2. 
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“VOLPATO” 


COMPLETE EQUIPMENT FOR H.V. LINES FROM 30 KV TO 380 Ky 
SUB STATIONS AND POWER PLANTS . COMPRESSION MATERIAL 








ee 


HIGH-GRADE SPECIALIZED MANUFACTURERS — 35 YEARS OF EXPERIENCE 





TOTAL EQUIPMENT FOR THE LONGEST 220 kV OVERHEAD LINE 
IN AFRICA - Connecting Haut Katanga (Belgian Congo) to Northern 
Rhodesia - (Le Marinel - Jadotville - Kitwe) Twin Conductors - 500 km 


ce 


SOC, ELETTRO-MORSETTERIE VOLPATO - VIA B. CAVALIERI. 3 - MILANO - ITALY 
CATALOGUES AND PRICES ON REQUEST 





— 
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HYDRAULIC STEEL CONSTRUCTION 


Loading of approximately 500 tons Hydraulic Steel Constructions: 
Turbine Intake Gates, Servo-Motors, Roller Carriages for ‘Stoney ”’ 


Gates, in port of Trieste for the ASWAN DAM in Egypt. 
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INGERSOLL-RAND 
TWO-TOOL 
PORTABLE 
, COMPRESSORS 
















MODEL TPF 110 MODEL TPG 110 
powered by Ford 954E Diesel Engine powered by Gardner 3LW Diesel Engine 
OUTPUT OF 110 C.F.M. FREE AIR AT 100 LBS. Identical in output and function, the two models are 


distinguished only by the power unit. Whether fitted with 
the Gardner or the Ford engine, they represent the most 
economical and reliable portable compressors built 
today, and maintain the high standard of construction 


TWO-STAGE AIR COOLED COMPRESSOR 


LOW DISCHARGE TEMPERATURES FOR LONG 


COMPRESSOR LIFE : ; 
associated with the name of Ingersoll-Rand. Both models 


LIBERAL RESERVE OF POWER IN BOTH ENGINES are backed by world-wide spares and service facilities 
and both are outstanding in their versatility, accessibility 
CHOICE OF 5 MOUNTINGS and performance. 


FOR FULL SPECIFICATION, WRITE FOR DESCRIPTIVE LEAFLET LN 110. 





COMPRESSORS - ROCK DRILLS - JACKLEGS 
ree CARSET JACKBITS - SUMP PUMPS - DIGGERS & PICKS 


I ngersoll- Rand 


Mm PANY 


MAODE AT TRAPEFOR G PAR K 





INGERSOLL-RAND CO LTD 165 QUEEN VICTORIA STREET LONDON EC4 TELEPHONE LONDON CENTRAL 568! 





SCOTTISH OFFICE: 20 RENFREW STREET GLASGOW C2 Telephone: DOUGLAS 1233 Telegrams: INGERSOLL G ASGOW 
1755 
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A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Newer Dam-Building Techniques 


N the course of his Presidential Address to the 

Institution of Civil Engineers last month, Mr. H. 

J. F. Gourley, among other matters of interest, dis- 
cussed some of the newer techniques which have been 
applied to dam construction, and which had not only 
resulted in the utilisation of what would formerly have 
been regarded as very doubtful sites but also in reduc- 
ing the time taken to put a project into operation. 
One of the most useful tools which had been evolved 
in recent years, he stated, was the aerial survey, which 
could be made quickly and enabled maps to be pre- 
pared to any desired scale. Moreover, provided the 
control points were carefully chosen and accurately 
levelled, the aerial survey resulted in contours that 
were probably more correct than those obtainable by 
other means. The method was particularly valuable in 
remote, under-developed countries where orthodox 
maps were available for very restricted areas only and 
had the advantage of presenting a reasonably accurate 
picture from which the broad merits of alternative 
proposals could be appraised; more detailed and 
accurate maps could then be produced, by the same 
means, for the most suitable scheme. 

Another new tool had been provided by the geo- 
physicist, who could now provide much information 
about a potential dam site. The great merit of the 
geophysical survey, Mr. Gourley stated, was that it 
presented a picture of the underground conditions 
quickly and cheaply and enabled the necessary con- 
firmatory boreholes and trial shafts to be located in 
the most advantageous positions. The geophysicist 
was also useful where a reservoir had to be created by 
an embankment, as it was necessary to know about 
the underlying formations and the quantities of suit- 
able materials available within economic reach of the 
Site. 

A thorough site investigation might cost from one to 
five per cent. of the total cost of construction, but this, 
Mr. Gourley considered, was a very small premium 
to pay for insurance against failure, or the possibility 
of having to make radical changes in design after the 
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constructional work had once been started. Further- 
more, unless the characteristics of the site were 
thoroughly known there could be no assurance against 
failure, and the most economical design, with a desir- 
able factor of safety, became mere guesswork. 

The speed with which a modern embankment could 
now be constructed had introduced new problems. 
Where 10-20 cu. yd. dumper loads were brought to 
the bank, tipped. spread by bulldozer and consolidated 
by various mechanical means, the rate of raising might 
be about 3 ft. a month in the lower part of the bank 
and 5 ft. or more in the upper part. Rates of this order 
might give rise to excessive pore pressure which could 
only be obviated by the provision of a well-considered 
system of relief drainage. It was possible, Mr. Gourley 
added, that this accelerated rate of construction might 
well account for some of the troubles which had arisen 
in some recent embankments, and some of the foun- 
dation failures which had occurred. Thanks, however, 
to the science of soil mechanics, certain principles had 
been established which enabled the engineer to cope 
with these problems. Mr. Gourley then cited four 
examples which emphasised the necessity not only of 
a thorough examination of the site but also of all the 
materials to be incorporated in the bank and the need 
to check the pore pressure at all stages during the 
construction and for some time after completion. Un- 
fortunately the extent to which pore pressure might 
build up was not predictable with certainty, but if pres- 
sure cells were installed they served as controls on the 
rate of deposition, so that if it was found that the pres- 
sure was not being adequately dissipated, either the 
rate of raising could be modified or additional pro- 
vision could be made for relief. 

Reference was also made to the advances which had 
to be achieved in the treatment of grouting water- 
logged alluvium at embankment sites. To attempt to 
sink a cut-off trench to the underlying rock might in- 
volve heavy pumping and excavation costs and pos- 
sibly impair the strength of the foundation of a bank. 
The grouting medium employed was determined by 
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the particle size of the material to be grouted, a 
cement-sand mixture being appropriate for gravel, and 
cement only for finer materials. If silt were en- 
countered chemicals might be necessary. 

Cementation also afforded a means of making 
watertight foundations at dam sites where the geologi- 
cal conditions were distinctly adverse; for instance, 
where there were limestones with extensive joints, 
fissures and solution channels. Such conditions had 
been encountered in Italy where very high concrete 
arch dams had been constructed in gorges in the dolo- 
mite limestone. Here the foundations at the base and 
flanks had been made both watertight and stable by 
extensive grouting. Cementation on this scale, Mr. 
Gourley stated, was necessarily expensive, but some- 
times it afforded the only means by which a valuable 
site could be developed. The investigation of a site of 
this kind necessitated a searching survey by boreholes 
and water-pressure testing was necessary at all points. 
Also, in Mr. Gourley’s view, the services of a geologist 
should be available to interpret the results and advise 
on any further investigations that might be desirable 
to ensure a detailed picture of the underground struc- 
ture. 

Mr. Gourley also referred to post-stressing methods 
which in recent years had been applied to existing 
concrete dams, and to the application of relaxation 
methods of determining the stresses in dams. With 
regard to post-stressing, he considered a dam to be 
probably the most important type of structure to 
which it could be applied, as any failure might cause 
serious loss of life and considerable material damage. 
It was essential, before post-stressing could be used. 
to know the geological conditions below the dam, as 
the cables must be securely anchored and the strength 
at foundation level must be sufficient to bear the in- 
creased loading due to the post-stressing. This tech- 
nique was originally introduced by Coyne to strengthen 
existing structures or to enable a dam to be heightened, 
but had more recently been used as an inherent part 
of the design of new structures as, for instance, at the 
Allt-na-Lairige dam of the North of Scotland Hydro- 
Electric Board. 

Although the use of models, Mr. Gourley went on 
to say, was not altogether new their application had 
been greatly extended with the growing appreciation 
of their value, and indeed, in hydraulic problems in 
particular they often afforded the only means by 
which the behaviour of the prototype could be pre- 
dicted. 

It should be understood that Mr. Gourley’s address 
was by no means confined to the technology of dam 
building but extended over a very much wider field. 
He was at pains to point out that in every sphere of 
civil engineering the art and practice of the profession 
could never be static but must inevitably march with 
the times. 


Currency Facilities for European Power 
Exchanges 


A NEW step in international co-operation has been 
taken by a decision of the O.E.E.C. Council recom- 
mending that European countries with interconnected 
grids should in future free seasonal exchanges of elec- 
tricity from currency and other restrictions. In the 
past, as the result of aCouncil decision of March, 1953, 
the member countries concerned—Austria, Belgium, 
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France, Germany, Italy, Luxemburg, the Netherlands 
and Switzerland—agreed to authorise the import and 
export of electricity in order to avoid waste of hydro- 
energy or to provide emergency supplies required by 
a grid as the result of a breakdown in equipment 
This resulted, during the period 1953-1955, in increas- 
ing the exchanges of electricity between the countries 
concerned by an average of 15 per cent. per year: con- 
sumption rose by 9 per cent. 

The new decision, which arises from a proposal of 
the International Union for the Co-ordination of Pro- 
duction and Transmission of Electricity (U.C.P.T.E.) 
and the O.E.E.C. Electricity Committee, means that 
the seasonal import or export of electric power for 
which agreements are made between the production 
and distribution undertakings of member countries 
for periods of less than six consecutive months will 
also be free of restrictions, and that the foreign ex- 
change required for import will be automatically 
provided. 


Cook Strait Submarine Cable 


Tue North Island of New Zealand, which contains 
nearly two-thirds of the total population, has a re- 
stricted power potential, whereas the less industrialised 
and less populated South Island is estimated to have 
a water power site capable of sustaining 5,000 MW 
of installed capacity. A cable link between the two 
islands is thus of growing importance and a survey 
undertaken by the Royal New Zealand Navy, in con- 
junction with the Department of Scientific and Indus- 
trial Research, has shown that although the maximum 
depth is 900 ft., the contours of the sea floor are more 
gentle than was at first supposed and there is a suffi- 
cient depth of sediment to make rocky outcrops 
unlikely. The purely electrical aspects of the sub- 
marine transmission line are being investigated by 
British Insulated Callenders Cables Limited, who will 
report in due course whether it is going to be more 
economic to use multiple 130 kV alternating-current 
cables or a 200 kV direct-current cable to bridge the 
22-mile wide strait. The recommendation to use 
direct-current for the English Channel will doubtless 
influence the position. 


Yugoslavia to Export Electric Energy 


A CONSORTIUM of electric power companies 
to promote the export of hydro-electric energy from 
Yugoslavia is soon to be formed. it was recently 
announced by the Secretariat of the United Nations 
Economic Commission for Europe (ECE). After a 
two-day meeting in Geneva representatives of Aus- 
tria, the Federal Republic of Germany, Italy and 
Yugoslavia it was agreed to create an association of 
electric power firms interested in the scheme. The 
next meeting. for which representatives will prepare 
a detailed plan of execution. will be held in Geneva 
shortly. ; 

The basic study of the so-called “ Yougelexport ° 
project. published early in 1955, demonstrated the 
possibility of building four central hydro-electric 
stations in Yugoslavia the production of which would 
be exported to Italy and the Federal Republic of 
Germany over a network of 380 kV _ power lines. 
Total exportable energy is estimated to be 4.300 mil- 
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lion kWh. The cost of the entire project has been 
estimated at about 377 million dollars (U.S.). Aus- 
tria’s interest in the project is mainly in a seasonal 
exchange of energy with Yugoslavia and as a trans- 
mitter of energy to the Federal Republic of Germany. 

The fundamental basis for the project is the dis- 
parity between the utilisation of the hydraulic re- 
sources of the interested countries. The hydro-electric 
potential of Yugoslavia is about sixty billion kW 
annually of which only about three per cent. is now 
produced, while Italy, for example, will have reached 
the limit of its potential in a dozen years if, as seems 
likely, consumption in that country continues to 
double every ten years. Another favourable factor is 
that Yugoslavia can export power in the winter, the 
season when demand is greatest. 

Of further interest to Italy is the possibility that 
some of the power from Yugoslavia can be trans- 
ported by submarine cable to southern Italy, a 
procedure which would provide power for the needed 
industrialisation of this region. 


New Zealand South Island Scheme 


[RRESPECTIVE of whether the N.Z. Inter-Island 
power cable link proves on investigation to be feasible 
the N.Z. State Hydro Electric Dept. will build another 
big South Island hydro-electric station to be called 
“Benmore” about the same order of size as Rox- 
burgh. This will be on the South Island’s Waitaka 
river and will be part of a major series of new stations 
planned for the Waitaki’s basin. A programme of 
works construction for several years ahead. drawn up 
by the Ministry of Works and the State Hydro-Electric 
Department, contains provision to start the Benmore 
power scheme next year. Announcing this recently the 
Minister in charge of the Department, Mr. W. S. 
Goosman, reiterated that a start would be made at 
Benmore next year, regardless of any consideration 
relating to the Cook Strait cable. 


Beaumont Development Progress 


Goop progress is being made with the construc- 
tion of the new 246,200 kW power project of the 
Shawinigan Water & Power Company. This plant is 
to be called The Beaumont Development after Mr. 
R. J. Beaumont, Chairman of the Board of the Com- 
pany. These rapids were formerly known as Rapide 
Sans Nom. The new access road to the site has been 
completed and construction plant, offices and bunk- 
houses are being erected. Work on the relocation of 
the railway, including preliminary construction work 
on the new bridge over the St. Maurice River about 
4} miles upstream from the dam site, is proceeding. 


Strategic Brazilian Plant 


One of Brazil’s most “important inland hydro- 
electric projects, the Itutinga station* in the state of 
Minas Gerais, will have its capacity doubled to 56,000 
kW with the installation of two water-wheel gener- 
ators manufactured by Westinghouse Electric Inter- 
national Company of New York. With this new equip- 
ment, which includes transformers and switching ap- 


* See Water Power, January 1954, p. 28 
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paratus, the station’s potential will be fully developed. 

Located 120 miles south of the city of Belo 
Horizonte, the state capital, the plant began operation 
early last year with two of the generators installed. 
The increased power from the second half of the plant 
will help to meet the growing demands of one of 
Brazil’s fastest-developing industrial areas, as the 
station serves an area rich in iron, Manganese and 
thorium. In addition to furnishing needed electricity 
for steel production, mining and manufacturing opera- 
tions, it will also help in rail transportation of ores. 
Development of the project is being financed through 
a loan to the Brazilian government by the Export- 
Import Bank. 


Japan’s Hydro Programme 


THE Electric Power Development Corporation of 
Japan recently completed that country’s largest dam 
—the Sakuma dam on the Tenryu River. It is a mass 
concrete gravity structure 490 ft. high above lowest 
foundation and containing 42 million cubic feet of 
concrete; it impounds 97,000 acre ft. of live storage 
and creates a pond of 425 ft. at full reservoir level. 
The associated power plant comprises four machines 
having a total capacity of 350 MW. The development 
took three years to build and cost 36 billion yen. 
Sakuma is to be followed by other large plants at 
Oku-Tadami, Tagokura and Mihoro, and altogether 
about 100 dam sites are scheduled for completion by 
1958, contributing a further 2,830 MW to Japan’s 
hydro resources. The country’s total hydro resources 
are estimated to amount to 23,000 MW, of which 40 
per cent. has already been developed, and according 
to present plans it is intended to develop 19,000 MW. 


Water Power in Italy 


Tue annual review of Italian electric industry, 
edited by the A.N.I.D.E.L. (National Association 
ol Electric Power Generating and Distributing Com- 
panies) last June, illustrates the development of the 
Italian electric plants at the end of 1955. According 
to this review, the capacity (spare machinery ex- 
cluded) of the hydraulic plants operating in Italy at 
the end of 1955 was 8,738,000 kW, of thermo- 
electric plants 2,118,000 kW, and of geothermo- 
electric plants 246,000 kW. Over 30,800 million 
kWh were generated by hydro-electric plants, 5,465 
million kWh by thermo-electric plants, and 1,859 mil- 
lion kWh by geothermo-electric plants, amounting to 
a total of 38,411 million kWh. As shown by these 
figures, power generated by hydro-electric plants ex- 
ceeds 80% of the total. The review states that on 
account of this considerable development Italy is 
regarded as the country that has best utilised its hy- 
draulic resources. ; 
The increase with regard to 1954 was 7:2%, the 
individual increase of hydro-electric production being 
5-4%, and of thermo-electric production 22:1%. The 
high increase in thermo-electric production is partly 
the result of scarce precipitation aggravated by rela- 
tively low summer temperatures, which contributed to 
the reduction of the flow of the Alpine watercourses as 
compared to normal years. The consumption of elec- 
tric power in Italy in 1955 was, therefore, 658 kWh 
per head of population. Water storage capacity was 
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3,427 million cu. m., representing an increase of 5-6% 
over 1954. The development of the 220 and 150 kW 
networks reached 23,484 km, with an increase of 
oi & 

Among the hydro-electric plants newly put into 
operation we may mention the Maé and the Sospirolo 
plants of the Societa Adriatica di Elettricita, to be 
completed by two reservoirs under construction; the 
Plima-Lasa plant of the Soc. Idroelettrica Atesina 
where a 2,150 m. long penstock and two Pelton wheels 
coupled to a 50,000 kW alternator were installed; the 
Porto della Torre and the Nazzano plants both of 
which have the power station incorporated in the dam; 
the Montorio plant of the Soc. Terni, the third stage 
of a big scheme with a capacity of 454,500 kW; and 
the enlargement of the Riva power station which 
utilises the waters of Lake Ledro and Lake Garda. 
Among the new transmission lines put into operation, 
the Messina crossing, 3,646 m. long, is particularly 
worthy of notice. 

Among the chief plants under construction are the 
scheme for the integral exploitation of the upper basin 
of the River Chiese providing for the installation of 
339,000 kW; the Val Grisanche plant including the 
Beauregard arch-gravity dam, 132 m. high, almost 
completed; the extension of the Sarca-Molveno 
scheme; and the Tagliamento-Somplago plant to be 
equipped with five sets with a total capacity of 
275,000 kW. 


Norwegian Water Power Expansion 


OME seventy hydro-electric power stations are 
under construction in Norway at present, a Norwegian 
Electricity Board official stated recently. Hydro-elec- 
tric generating capacity will be increased this year by 
about 330,000 kW, next year by about 340,000 kW, 
in 1958 by 360,000 and in 1959 by about 380,000 kW. 
From now until 1960 capacity will be increased by 
altogether 1,400,000 kW. Present capacity is about 
4,000,000 kW. The biggest scheme now begun is the 
Tokke plant which initially will have four generating 
units each with a capacity of 100,000 kW. 

Since the war, Norway has developed hydro-elec- 
tric resources at an unprecedented rate. Output has 
more than doubled. In 1939, 10,000,000,000 kWh 
were generated, in 1955, 22,000,000,000. Hydro-elec- 
tric investment constitutes a third of the country’s en- 
tire industrial investment expenditure and now 
amounts to about £25 million per annum. The rela- 
tively cheap electricity which has resulted from these 
developments has led to a considerable expansion of 
industry, with plants producing metals, chemicals, 
and other materials for the world market. 


New Zealand’s Deep Cove Scheme 


Mer. J. R. Hanan, Minister of Health, stated re- 
cently that in the normal course of events the Deep 
Cove scheme would not be developed for twenty years, 
but if the Cook Strait cable became feasible this 
period would be greatly shortened. This scheme, he 
added, would have a capacity of one million kW and 
was too big for the South Island alone, but with a 
cable linking the two islands together it would have 
to be considered as a close-range project. It involves 
raising the level of two of the largest lakes—Te Anau 
and Manapouri—in the South Island, it being pro- 
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posed to raise the level of the former lake 
latter 100 ft. The effective head will be 600 ft. and 
initially the capacity of the plant will be 500,000 kW. 
ultimately to be doubled. 

The scheme is estimated to cost about the same per 
kW capacity as Roxburgh (320,000 kW), which would 
make the final cost about £100 million. Other schemes 
have been considered for utilising the lakes, but the 
Deep Cove is the most economic and has the advan- 
tage of bringing the water down to sea level on the 
populated side of the island, where it will be used in 
an underground generating station. 


Australian Grid 


THE Electricity Commission of New South Wales 
is about to place in service the first 65 mile section of 
a new transmission system for the transfer of large 
blocks of power from major new thermal stations 
and the Snowy Mountains hydro-electric scheme. 
The new line, between Goulburn and Tallawarra 
Power Station (near Port Kembla), is built for ulti- 
mate operation at 330 kV. New sections already being 
built or designed for early construction will extend 
this system to the west and south west, and north to 
Sydney, Newcastle and Tamworth. 

These and other major new lines represent impor- 
tant steps in the development of an integrated State 
network. They will improve the efficient transfer of 
power from hydro sources as far away as the Snowy 
Mountains and the Hume Dam, and from new sources 
of generation on the New South Wales coalfields. 

At Tallawarra, one of the major new stations, the 
Commission is proceeding with the installation of 
two 100 MW generating units which will themselves 
equal the whole output of Pyrmont Power Station in 
Sydney. 

The new Lake Macquarie Power Station is ex- 
pected to come into initial operation within the next 
two months. When it reaches its full capacity in about 
five years’ time it will have cost £30 million and will 
be using 3,000 tons of coal a day from the northern 
coalfields. 

Lake Macquarie (330 MW) and _ Tallawarra 
(320 MW) are the two largest stations under construc 
tion in Australia at the present time. A third modern 
station, Wallerawang (240 MW) will commence 
operation on the western coalfields before next winter. 


Aswan High Dam 


EVEN if it were to be built, the High Dam at 
Aswan would be a dwindling asset for Egypt on 
account of the rate at which it would fill up with silt, 
Mr. G. M. Binnie, M.A., M.I.C.E., a partner in the 
firm of Messrs. Binnie, Deacon & Gourley, consult- 
ing engineers, stated recently at a meeting of The 
Institution of Civil Engineers. 

Unlike the present dam which only holds back 5 
cu. km of water against a yearly discharge from the 
Nile of some 84 cu. km., the new dam would contain 
130 cu. km.. take over a year and a half to fill. and 
there would be no surplus water for driving silt 
downstream as with the present dam. 

Mr. Binnie. whose firm is now engaged in Iraq on 
the Dokan dam project which will create a reservoir 
of 68 cu. km. capacity, was speaking on “ The con- 
trol, storage, and use of water.” 
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Fig. 1. General view of Guthega Dam 





The Guthega Project 


This description of the first completed development of the 
Snowy Mountains scheme has been specially written for this 
journal by the Snowy Mountain Hydro-Electric Authority 


HE Guthega project* with an initial capacity of 
60,000 kW was brought into operation in Feb- 
ruary, 1955. Provision has been made for increas- 
ing its capacity to 90,000 kW by the later installation 
of a third 30,000 kW turbo-generator. Pending the 
construction higher up in the Snowy catchment of a 
seasonal storage reservoir to serve a number of pro- 
jects, Guthega power station will function as a run-of- 
river station with 24 hours a day operation during the 
snow-melt period and only a very short daily oper- 
ating period during the late summer and autumn. 
The main components of the Guthega project are a 
concrete dam, a pressure tunnel three miles in length 
* A summary of the work then being carried out on the Guthega project 


vas contained in ‘Snowy Mountains—III."" Water Power, June 1953, 
04 
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by 19 ft. in diameter, a steel pipeline leading from the 
downstream end of the tunnel to the power station, a 
surge tank at the junction of the tunnel and pipeline, 
a reinforced-concrete power station, a switchyard and 
a 132,000 volt transmission line connecting up to the 
New South Wales transmission system at Cooma. In 
addition, there is a system of reinforced-concrete pipe 
aqueducts to collect water which would otherwise join 
the Snowy River below Guthega Pond. 

A contract for both the design and the construction 
of the civil-engineering works, was let to F. Selmer 
A/S of Oslo, Norway. Later, an Australian Company, 
Selmer Engineering Pty. Ltd., was formed to carry 
out the work. The contract was of the target estimate 
plus fixed fee type with penalties and bonuses for 
variations in cost and in date of completion. Prior to 
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placing the contract. the Authority had constructed 
access roads to the site and provided accommodation 
for 300 workmen together with electric power supply 
and telephone communications. This enabled the con- 
tractor to make an immediate start on the permanent 
works. Field operations commenced in September, 
195] 


Guthega Dam 

The dam is a straight concrete gravity dam 110 ft. 
high and 456 ft. long. It is of orthodox cross-section 
(Fig. 1), with a free overfall central spillway 164 ft. 
long at R.L. 5190, capable of passing a flood of 50,000 
cusecs with a surcharge of 19 ft. above crest level with- 
out overtopping the dam. A 12 ft. road over the dam 
gives access to the control works at the tunnel intake. 
Spillway discharge is taken by a reinforced-concrete 
stilling basin of trapezoidal cross-section, with a weir 
10 ft. high at its downstream end. 

Temperature and strain gauges were placed in 
the dam during construction. These included Cam- 
bridge platinum-wire resistance thermometers, uplift 
pressure gauges, “ Maihak” internal strain gauges, 
Huggenberger external strain gauges on the face of the 
dam and at joints, and plumbobs in two inspection 
shafts 

Drilling before designs were completed indicated 
that fresh granite was met at about 10 ft. below the 
river bed. Excavations actually went deeper than this 
to avoid the effects of weathering along joint planes. 
This satisfactorily overcame early difficulties with 
rock quality, but to minimise uplift pressures and im- 
prove watertightness, two rows of holes were drilled 


into the cut-off, which formed a projecting step at the 
upstream face of the dam, and grouted. The first row 
sloped downstream and went to a depth of 15-20 ft.. 
the second row being vertical and 50-70 ft. deep 
Cement and water grout only was used at pressures of 
up to 120 Ib. per sq. in. 

Concreting of the dam began in May 1953, the 
aggregates being obtained mainly from rock excavatea 
from the main tunnel. An extensive trial mix pro- 
gramme was undertaken to determine a satisfactory 
quality of concrete and to enable economies to be 
effected in the use of cement. Owing to the large daily 
and seasonal temperature variations at the dam. 
special precautions were taken to prevent damage to 
the face concrete by the numerous freeze-thaw cycles 
Lower-grade concrete was used in the body of the 
dam, giving considerable resultant economy. An air- 
entraining agent (“Darex”) was added to give 4 per 
cent. air by volume in the face concrete and 3-5 pet 
cent. elsewhere in the dam. 

Concreting at this altitude (5,000 ft. above sea- 
level) during winter when temperatures fell as low 
as 9° F. required special control. Mixing water was 
heated and aggregate warmed and partially dried to 
keep the temperature of concrete when placed between 
50° F. and 60° F. A portable boiler, special heaters 
and circulating pipes inside aggregate bins, and a dry- 
ing drum from a road-mix plant were used for these 
purposes. At times ‘the mixing water had to be heated 
to 120° F. to obtain the desired result. 


Pressure Tunnel 
The pressure-tunnel intake is on the left bank of the 
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Fig. 2. Nocturnal view of dam under construction 
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Fig. 3. Dam nearly completed and spillway in operation 


Guthega River just above its junction with the Snowy — second when three machines are at full rated output. 
River, within the Guthega Pond. The main tunnel is 

15,700 ft. long, 19 ft. 6 in. diameter, with a nominal Surge Tank 

cross-sectional area of 297 sq. ft. and has a fall of The surge tank is located near the downstream end 
46 ft. between the two ends. The tunnel is unlined, of the tunnel. and comprises a lower chamber formed 
except where the rock is not self-supporting. A water- by enlarging the tunnel to 45-5 ft. high and 26 ft. wide 
tight lining for the last 500 ft. of 
the tunnel at the downstream end 
was provided by a in. steel shell 
backed by concrete and by grout- 
ing the surrounding rock to a 
depth of 10 ft. 

Construction began at the in- 
take portal in December 1952, and 
was soon under way at four faces 
with the intermediate faces being 
driven from an adit going in 470 
ft. to the tunnel line. The tunnel 
was completed in May 1954. 
Excavation at each face was car- 
ried out with a single-stage jumbo 
carrying five or seven airleg rock 
drills using tungsten-carbide bits. 

[he inlet works to the tunnel 
comprise sloping removable trash- 
racks, a vertical gate shaft with a 
radial gate, 16 ft. by 13-5 ft.. and 
an emergency bulkhead. Design 
flow velocities in the tunnel are 
3-5 ft. per second with two tur- Fig. 4. Reinforced concrete aqueducts returning tributaries of the Snowy 
bines operating and 5:1 ft. per below the dam into the Guthega impoundment 











6 WATER POWER December 1956 449 








for a length of 65 ft. and an upper chamber 70 ft. in 
diameter and 25 ft. deep. The connecting shaft is 115 
ft. high by 18 ft. in diameter. The lower chamber is 
designed to meet a sudden increase in output of the 
power station up to two-thirds of rated output with 
water at R.L. 5155 in Guthega Pond. The upper 
chamber is designed to take up a sudden shut-down 
from full output with water in the dam at full supply 
level. A sand trap 4 ft. deep is incorporated in the 
lower surge chamber. 

Special model tests had to be carried out in the 
Authority's engineering laboratories to avoid the en- 
trainment of air in water discharged into the upper 
surge chamber by an aqueduct on the left bank of the 
Snowy River. The solution determined after these 
tests had been completed was to discharge the aque- 
duct water into a pit 10 ft. deep in the floor of the 
upper chamber to produce a swirling action which 
liberates entrained air by centrifugal motion. Water 
from the upper chamber is then carried to the lower 
chamber by an extended siphon. The intake leg of the 
siphon is at the centre of this de-aerator and the height 
of this leg is about 10 ft. greater than the absolute 
atmospheric head. Once primed, therefore, the siphon 
vacuum cannot be broken even if no water is entering 
the upper surge chamber and the flow in the siphon 
Stops 

The siphon pipe is 3 ft. 2 in. in diameter and passes 
down the shaft to the lower chamber, ending in a hori- 
zontal perforated pipe near the ceiling of this chamber. 
Air bubbles still entrained or formed as a result of low 
pressure in the bend of the siphon escape through the 
perforations and up the shaft. Air trapped in the top 
of the siphon is taken down in the moving water as 











Fig. 6. Gutheega tunnel looking downstream towards 
the surge chamber. Apart from a short section the 
tunnel is unlined 


Fig. 7. Atlas Copco equipment in use at Guthega 
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Fig. 8. Assembling one of the 
turbo-alternators in the power 
station 


Fig. 9. The finished machine hall, 
Guthega power station 


soon as the velocity reaches a 
suitable value (about 2 ft. per 
second). As the capacity of the 
siphon is 150 cusecs and the de- 
sign capacity of the aqueducts is 
20 cusecs, no difficulty arises in 
using the siphon for water spilled 
into the upper chamber from the 
shaft. 


Aqueduct System 

There are four separate aque- 
duct lines, two of which discharge 
into Guthega Pond and two into 
the surge tank. The total length of 
aqueducts is 20 miles and consists 
almost entirely of reinforced- 
concrete pipes ranging in diameter 
from 18 in. to 60 in. and fitted 
with rubber ring joints. After the 
pipes are laid the soil is back-filled 
to restore the surface to approxi- 
mately the original contour and 
thus avoid hill-side erosion. 

The aqueducts extend the effec- 
tive catchment for the project from 
36 square miles naturally feeding 
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Guthega Pond to a total of 57 square miles. Inlets are 
formed at each surface creek carrying water during 
rain or snow melt. The intake water first enters a small 
stilling pond to deposit suspended silt and then passes 
over a weir into the intake chamber which is con- 
nected to the main aqueduct line by a pipe. 


Guthega Penstocks 

The welded steel penstocks are 3,360 ft. long be- 
tween the butterfly valve at the end of the tunnel and 
the power station. The internal diameter at the end 
of the tunnel is 14 ft. with a bifurcation just before 
the valve house giving one line of 10 ft. diameter and 
one, at present blocked off, 8 ft. in diameter. The latter 
will be completed when the third turbine is installed in 
the power station. The present line decreases in size 
over the first half of its length to approximately 9 ft. 
diameter and then bifurcates in twin 7 ft. lines which 
decrease to 5 ft. 6 in. at the power station. 

Anchor blocks are of mass concrete, about 350 ft. 
apart in the upper half and 240 ft. apart in the steeper 
lower section. Between the anchor blocks rocker 
brackets are set on concrete blocks at 36-48 ft. inter- 
vals, and there are expansion joints and manholes in 
each section. Routine factory welding into lengths of 
24 ft. was by the automatic submerged-are process, 
with stress-relief at about 650° C. for | hour per inch 
of cross-section where the material was thicker than 
| in. The thickness of steel in the penstock ranges from 
i; in. to 1} in. Factory welds were inspected visually 











Fig. 10. General view of 
Guthega power station 


Fie. 11. Switchvard and 
transformers, Gutheea 
power station 
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Fig. 12. Overflow section Guthega dam showing grouting curtain, drains and uplift pressure pipes 


and tested by hydrostatic pressure, with sample X-ray 
examination. Field welding of the pipe sections was 
done by hand, with 100 per cent. gamma-ray radio- 
graphic check, using iridium 192 as the source of 
radiation. This method proved efficient and economi- 
cal, the mobility of the source of radiation contributing 
very greatly to its effectiveness for field use. A com- 
plete circumferential weld was tested at each exposure. 

The greatest difficulty associated with the penstock 
arose from the quality of steel used, particularly in 
relation to inherent low-temperature brittleness in cer- 
tain steels of European origin. 

The butterfly valves may be operated from the 
power station and also by trip mechanisms in the pen- 
stocks if flow velocities indicate a burst penstock, and 
air valves on the downstream side of the valves pre- 
vent damage from negative pressures in the pipes after 
valve closure. 


Guthega Power Station 

Concreting was needed from 60 ft. below ground 
level to 50 ft. above and was carried out in tube chutes 
below ground level. and from a high-speed electric 
hoist above ground, the concrete coming across the 
Munyang River in side-tipping | cu. yard rail trucks 
from the mixing plant on the left bank. Precautions 
similar to those at the dam were taken here also to 
overcome difficulties of placing concrete in severe 
winter conditions. 5 

The power-station interior is traversed by a 120 ton 
travelling crane for the full length of the machine hall 
(118 ft. by 50 ft.) and the unloading bay (56 ft.). Its 
runway is supported on concrete beams carried on 
concrete columns. The crane, of welded construction, 
also has a 15 ton auxiliary hook. The control-room 
section, of two floors, abuts on to the machine-room 
section and is also of reinforced concrete. Windows 
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Fig. 13. Transmission line, 132 kV and 47 miles long 
connecting Guthega power station with New South 
Wales interconnected system at Cooma 
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are framed in bronze or aluminium, and a glass-brick 
skylight over the control desk is also provided. Heat- 
ing is provided in both machine hall and control sec- 
tion, and incorporates the use of 10 per cent. of the 
generator-cooling air, which is replaced through filters 
at machine floor level. 

The two English Electric turbo-generators are of 
the vertical-shaft reaction type operating at a net 
average head of 810 ft. and coupled to 30 MW 428 
r.p.m. 11,000 V generators which are directly con- 
nected to transformers to step up to the transmission 
voltage of 132 kV. 

The station has only a single floor, with the genera- 
tors set on a concrete-and-steel support with the weight 
taken on the turbine casings. The thrust bearings are 
the Michell or Kingsbury type located above the 
generator. The main valves are the spherical-door 
Straight-flow type operated by penstock-pressure- 
water servomotors and are housed in the chamber 
below floor level. Relief valves are provided on the 
turbines. Automatic controls fitted to each machine 
enables starting and synchronising to be completed 
within four minutes from initiation by push button. 
A Brown Boveri automatic voltage control is fitted to 
each machine and the same maker supplied the auto- 
matic synchronising equipment. 

The machines may be operated as synchronous 
condensers, to assist in voltage control on the long 
transmission lines when power is not being generated 
in the station. 


Switchyard 

The switchyard is on the right bank of the Munyang 
River, where the terrain has necessitated a vertical 
type of layout. The taller structures are of welded con- 


New Zealand Contract for Turbines 
The Dominion Engineering Co. Ltd. has been 
awarded a contract by the New Zealand State Hydro- 
Electric Department to build three 40,000 h.p. hydrau- 
lic turbines for the Ohakuri power station on the 
Waikato River, North Island. 


Generators for the Arctic 
Two 50 MVA 428 r.p.m. vertical waterwheel gen- 
erators have been ordered from Metropolitan-Vickers 
Electrical Co. Ltd. by Norges Vassdrags Og Elek- 
trisitetsvesen for extensions at Rossaga, a power 
station on the fringes of the Arctic Circle. These 
generators will supply power to an ironworks and an 

aluminium works near the power station. 


Dresser-Coupled Penstocks. A 20-page pictorial 
brochure, giving engineering and constructional data 
on hydro-electric penstocks, has been issued by Dres- 
ser Manufacturing Division, Bradford, Pa., one of the 
Dresser Industries. It documents a relatively new but 
well-proven method for constructing penstocks with 
the use of mechanical field joints. Penstocks included 
in this report vary in size from 30 in. to 18 ft. in 
diameter, and are located in the United States, 
Canada, Alaska and South America. 

Industrial Belt Conveyors. A handsome brochure 


from Hugh Wood & Co. Ltd. describes the construc- 
tional details of this firm’s industrial belt conveyors, 
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struction carrying the busbars on the top level, pro- 
tected from lightning by earthing spikes. The 132 kV 
circuit breakers are the minimum-oil type supplied by 
Reyrolle & Co. Ltd. All operating equipment is raised 
4 ft. from the ground to allow access during heavy 
snow. The 132 kV neutral terminal of the transformer 
is connected to an arc-suppression coil. 

Layout and installation of the power-station 
auxiliary equipment was carried out by the Authority. 

The 50 miles of 132 kV line connecting the station 
with the New South Wales transmission system at 
Cooma was built by the Authority, as were more than 
100 miles of 66 kV lines feeding construction power 
to various parts of the Snowy Mountains Area. The 
132 kV line, using 0-2 sq. in. copper-equivalent SCA 
conductors, consists of 20 miles of double-circuit steel 
towers at the Guthega end and 30 miles of wooden- 
pole line with horizontally spaced conductors at the 
Cooma end. 


Conclusion 

Guthega Power Station is the first of the Scheme’s 
17 stations to be completed. Although its present in- 
stalled capacity is only 2 per cent. of the ultimate 
capacity of the whole Scheme, Guthega is already 
making a very useful contribution to the supply of 
power in New South Wales. Work on the next stage of 
the Scheme, which includes T.1 power station, is well 
in hand and good. progress is being made. This 
development will make available an additional 160,000 
kW in 1958 increasing to 320,000 kW in 1959 and 
300,000 acre-feet of irrigation water per annum for 
use in the Murrumbidgee Valley by 1959, with an 
additional 200,000 acre-feet per annum two years 
later. 


and gives some idea of the great variety of applica- 
tions for which these conveyors have been adopted. 
The use of these conveyors for handling aggregate for 
dams and tunnel construction is naturally among the 
many applications featured. 


English Electric Publications. The English Electric 
Co. Ltd. have recently issued four new catalogues 
covering different products: Type OB2 Air-break 
Switchgear. This publication (No. SG/333) describes 
air-break switchgear used for applications up to 600 
amps. working at 660 V a.c. or d.c. where repeated 
operations and limited maintenance are required, such 
as direct-on starting of motors. Control Boards. Pub- 
lication No. SG/229 describes control and relay 
boards, all built on the unit system, employing a new 
design of cubicle, the parts of which are completely 
standardised. A pplication of Inverse-time Overcurrent 
Relays. The Meter, Relay and Instrument Department 
has issued a publication (No. MS/3813) showing how 
“English Electric” is meeting the demands for mini- 
mum time overcurrent relays with improved accura- 
cies and with time/current characteristics more closely 
matching the thermal characteristics of the equipment 
to be protected. Condenser Bushings. Publication No. 
SG/257 describes 66/69 kV spring-loaded oil-filled 
condenser bushing designed for outdoor oil circuit- 
breakers. A novel feature of this bushing is that the 
top cap is one complete sub-assembly which can be 
assembled on or removed from the bushing. 
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The Dijon Hydrology Conference 


We give a short commentary on the meeting of the 
International Association of Scientific Hydrology, held 
recently at Dijon 


HAT part of the International Union of Geodesy 

and Geophysics which is probably of the greatest 

direct interest to hydro-electric engineers, namely 
the International Association of Scientific Hydrology, 
recently held a week’s conference at Dijon in order to 
discuss numerous papers on ground water, floods, and 
evaporation. The place and time of the meeting were 
chosen in honour of the French hydraulic engineer 
Henry-Philibert-Gaspard Darcy whose great work 
“Les Fontaines publiques de la Ville de Dijon, exposi- 
tion et application des principes a suivre et des 
formules 4 employer dans les questions de distribution 
d’eau,” published in 1856, represented a great step for- 
ward in several hydraulic and hydrological fields. 

The conference was attended by just over 100 
engineers, meteorologists, geologists and mathematic- 
ians from about 20 countries. There was a certain 
amount of overlapping of meetings to deal with the 
three main subjects under discussion, and the com- 
paratively small numbers present at any one meeting 

perhaps three dozen participants—together with the 
devoted work of the Secretary-General, of his family 
and his friends, ensured the unprecedented success of 
the conference. 

In general, the papers presented fell into two 
classes: descriptive and analytical. On the whole, the 
emphasis of the conference was on the analytical and 
general approach, and most papers presented are, 
therefore, of value even in circumstances differing 
from those from which their data were derived. 

The largest number of papers (over 35) was con- 
cerned with floods. Some of these deal with the prob- 
lem of the mathematical analysis of flood peaks, and 
the classification and prediction of floods; some with 
the hydrodynamics and the river morphology of flood 
flow; some with the techniques of measuring flood 
discharges; and some with the meteorological back- 
ground. The longest paper under this heading was 
presented by Ven Te Chow, of the University of 
Illinois, who had condensed his course of lectures on 
flood studies in the United States and added 152 
bibliographical references. To any reader interested 
in the situation in that country, including the organisa- 
tions concerned with flood studies, Chow’s paper will 
be a useful guide. A short paper on “Radar in Flocd 
Hydrology,” by William E. Hiatt of the U.S. Weather 
Bureau, who also added a full bibliography, describes 
a development which is likely to be of great help to 
flood-control engineers when the technique has been 
perfected. The paper on “The Changes in Flood 
Peaks on the Upper Rhine, with special reference to 
the reduction in the peak discharge and the increase 
in the velocity of propagation of the peak,” by H. 
Strack of Germany, will be of interest to engineers 
concerned with run-of-river and under-reservoired 
plants. Strack found that the reduction in peak in- 
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tensity could be adequately accounted for by the 
creation of the ponds behind the increasing number 
of Rhine barrages, but that the increase in the depth of 
the river did not fully account for the increasing speed 
of flood-wave propagation; the operation of barrage 
gates on the river seems to anticipate the arrival of 
flood peaks from upstream, and to send off down- 
stream what might be called premature flood waves. 

Interesting papers on the measurement and estima- 
tion of flood flows were presented by H. Kreps, of 
Austria, who dealt with smaller Alpine rivers, and by 
Tate Dalrymple, of the U.S. Geological Survey. The 
latter paper provoked that great student of flood 
hydrology, Professor Maurice Pardé of the University 
of Grenoble, to comment on the incomparable care 
taken by American engineers in their field, laboratory 
and office studies, and on the high degree of accuracy 
of their published figures, and the British engineers 
present were conscious of the comparative neglect 
which this kind of work suffers in the United King- 
dom. 

The large number (nearly 30) of papers on ground- 
water flow were of less direct application in hydro- 
power design, except where earth dams and seepage 
around structures and into and out of canals are con- 
cerned. The discussion covered all these problems, 
together with the theoretical and applied aspects of 
the mathematics of potential flow, of hydraulic and 
analogue models, and of unsteady and non-uniform 
ground-water fiow. The only paper on ground water 
by a British contributor, J. Ineson, dealt with “Darcy’s 
Law and the Evaluation of Permeability” and pre- 
sented an interesting statistical method of extension of 
the concept of permeability to rocks of widely non- 
uniform previousness, such as the Chalk. 

The small volume on evaporation of the trans- 
actions of the conference contains six papers, some of 
which present progress reports on research work done 
in various parts of the world. The first paper, by 
Charles F. Lapworth, of London, reports on the 
careful measurements which are being undertaken by 
the Metropolitan Water Board in conjunction with the 
Hydrological Research Group of the Institution of 
Water Engineers, of the water gains and losses of a 
reservoir at Kempton Park, and on the comparison of 
the results obtained from the large reservoir with those 
from a tank and with values computed in accordance 
with Penman’s method. Other papers deal with the 
United States, Germany and Alpine Switzerland. 
Hydro-electric engineers who are concerned with 
schemes in the tropics are conscious of the need for 
much further study in this subject, and may wish to 
know that it will receive further attention at the next 
congress of the International Union (I.U.G.G.) at 
Toronto, in 1957. 

The Dijon conference was assisted by a financial 
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contribution from U.N.E.S.C.O., and although this is 
not the place for a discussion on the political aspect of 
such international scientific gatherings, mention 
should be made of the impressive scientific contribu- 
tion of members from the smaller countries to the 
success of the symposium; the only founder member 
of the International Association present was Professor 
J Smetana, of Czechoslovakia, and there were numer- 
ous excellent papers from Austrian, Hungarian, 
Polish and Yugoslav members. The French hosts, as 
always, proved that they possess the gift of elegance 
in their hospitality as well as their scientific work. 

The conference was followed by an excursion to 
the valley of the Durance and the site of the Serre- 
Pongon dam as well as a high-altitude station where 
precipitation is recorded and snow cover measured 
by radio-active materials, and the experimental area 
near Chateaurenard where there is artificial replenish- 
ment of the ground-water reservoir. The visit to the 
Durance lent especial interest to two French papers on 
flood problems of that river. 

The proceedings of the Dijon conference are pub- 
lished by the Secretary-General of the International 
Association of Scientific Hydrology, Professor L. J. 
Tison, of 61 Rue des Ronces, Gentbrugge, Belgium, at 
650 Belgian francs (or approximately £4 15s.) net. 
There are several copies available in Great Britain: 
the Royal Society, as official sponsor of the British 
National Committee of Geodesy and Geophysics, 
allows study of its library copy to persons suitably 
introduced, and the hydrology library of the depart- 
ment of civil engineering, Imperial College, London, 
would do likewise. The International Association and 
its parent body, the International Union of Geodesy 
and Geophysics, do not admit individuals to their 


A. O. Smith Corporation. In a move to strengthen its 
efforts in the field of foreign trade, the A. O. Smith 
Corporation, Milwaukee, announced the appointment 
of Walter H. Porth, former director of its Inter- 
national Division as Assistant to the President for inter- 
national development. The announcement was made 
by F. S. Cornell. executive vice-president, who stated, 
“For some time now we have been giving serious 
thought to expanding our efforts internationally and 
we are convinced that there is a developing foreign 
market for our products and talents.” 


J. M. Voith GMBH, of Heidenheim (Brenz), have 
published an illustrated description (No. 1350e), in 
English, of the Francis spiral turbines and pumps they 
have supplied for the Reisach-Rabenleite pumped- 
storage scheme on the Pfreimd river, a tributary of the 
Danube. A further publication (No. 1330e) refers to 
the Voith 33,800 h.p., 131 ft. head Kaplan turbines 
supplied to Rosshaupton plant on the river Lech. 


The Armfield Hydraulic Engineering Co. Ltd. have 
issued a well-produced brochure which describes and 
illustrates their range of volute cased Francis turbines. 
These are essentially standard medium-head machines 
and are constructed in two types, one having a specific 
speed of 36 (British) and designed to operate on heads 
of 30 to 140 ft. (9-14-42°75 m.) and the other, with a 
specific speed of 70, designed to operate on heads of 
20 to 60 ft. (6°10-18-3 m.). A table of capacities is 
given in each case and cites the horsepower, water 
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membership, but the nationals of member countries 
are free to attend congresses and to purchase publica- 
tions. The next congress of the whole International 
Union is planned to take place at Toronto, Canada, 
from July 29 to August 10, 1957, and the hydrological] 
subjects to be treated there are: 


1. Surface water. 
(a) The role of evaporation in the hydrological 
balance sheet. 
(b) Methods of forecasting flows, especially extremes 
(floods and droughts). 


2. Ground water. : 

(a) Methods of preparation of hydrological maps of 
ground-water resources, including quantity and 
quality. 

(b) Methods other than geophysical for estimating 
ground-water resources. 

(c) Contamination of ground-water resources by salt 
water, industrial wastes, mine drainage, etc. 

(d) Use of radio-active and other tracers in the deter- 
mination of direction and magnitude of under- 
ground velocity. 


3. Continental erosion, 
with special reference to the mechanism of erosion. 


4. The effect of vegetation and agricultural practice on 
the hydrologic al cycle. 


na 


. lce and snow. 


6. Specialised questions. 
(a) Measurement of precipitation. 
(b) Hydrological characteristics and the register of 
large water courses. 
(c) Hydrological measurement. 


consumption and shaft speed for ruaners ranging from 
74 in. to 33 in. diameter. 


Borehole Drilling by Water Turbine. [n our June 
issue we gave an account of a water turbine developed 
for borehole drilling by Neyrfor, a subsidiary of the 
Neyrpic organisation at Grenoble, and referred to the 
amazing results achieved at Saint Bauzille de Mont- 
mel. Neyrfor have now published, in French, a most 
interesting brochure giving a full analysis of these 
results, and discussing from many aspects the prin- 
ciples of this revolutionary method of drilling. 


Auxiliary Switchgear. In an attractive brochure pub- 
lished by The English Electric Co. Ltd., full details 
are given of their recently introduced Class E switch- 
gear, which has a maximum rating of 3:3 kV, 2,000 
A, and 150 MVA rupturing capacity. It is a develop- 
ment of the firm’s OB33L air-break switchgear which 
has been on the market for 17 years and is used for 
the control of power-station auxiliaries, steelworks 
motors, and many similar applications. The gear is 
of the steel-cubicle type with the circuit breaker 
mounted on a withdrawable truck, but a unique fea- 
ture is that isolation is effected without withdrawing 
the truck; in fact, breaker operation, busbar selection 
in the case of a double-busbar system, isolation, and 
cable earthing, are all carried out by means of a gate 
interlocking device with removable handle, and a con- 
trol knob, assisted by a mimic diagram. 
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Energy from the Sea 


During June of this year an important conference was held 

on tidal energy, in Paris and in St. Malo, by the Societe 

Hydrotechnique de France, and was attended by some 200 
engineers from many countries 


PART TWO 


N our last issue we described the general arrange- 

ment of the Rance tidal power scheme, on which 

constructional work has now commenced, and gave 
some account of the design problems which had to be 
solved before the plans could be finalised. We continue 
now with a description of the methods it is proposed 
to use in the Rance scheme, and for this purpose we 
summarise parts of two papers presented to the recent 
Paris conference by Mons. Gibrat, consulting engineer 
to Electricité de France for tidal power projects. 

In the first paper, entitled “Utilisation Cycles for a 
Tidal Power Project.” Mons. Gibrat said that the 
regimes of filling and emptying tidal basins through 
turbines had been the subject of a large amount of 
research in France, and from among the various 
arrangements which had from time to time been pro- 
posed, he described those which had been found to 
be the most economically attractive. 


Single Effect 

The most simple type of tidal power scheme utilises 
a single basin created by a barrage enclosing an estu- 
ary or a bay. The potential energy of the water is 
utilised when the basin is emptied, and this is known 
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as the single-effect emptying cycle. Fig. | shows a 
typical example. 

Three operating phases may be distinguished: (A) 
A filling phase, with the turbine stopped and the valves 
open; with the tide rising, water flows into the basin 
through the valves. (B) A waiting phase, with the tur- 
bines stopped and the valves closed. The sea level falls 
but the level in the water in the basin does not change. 
The operators then wait for the most favourable 
moment for the commencing of energy production. (C) 
A production phase, with the turbines operating and 
the valves closed. The turbines produce energy by 
reason of the head created by the difference in level 
between the basin and the sea. In this arrangement, 
when the turbines are operating the head is always in 
the same direction, that is, from the basin towards the 
sea. 

A similar type of operation is that in which the 
turbines operate during the filling of the basin. As the 
banks of estuaries are irregular in shape, and the 
volumes of water moved for the same difference in 
level are considerably greater in relation to the upper 
layer of the basin than in relation to the lower layers, 
the filling-cycle type of operation gives less energy 
than the emptying cycle. For example, for the Rance 
project the ratio is approximately as 3:1. 


Double Effect 

It follows that engineers should be anxious to 
achieve a double-effect cycle, as shown in Fig. 2. 
Energy is produced both during the filling and empty- 
ing of the basin. With a single barrage, as shown on 
the left at the top of Fig. 2, the head producing the 
energy is sometimes operating from the sea towards 
the basin, and sometimes from the basin towards the 
sea. Hitherto it would have been necessary, in this 
case, to pay special attention to the intake and evacua- 
tion passages within the dam and arrange them in such 
a way that the flow of water through the turbines is 
always in the same direction. 

Another double-effect arrangement could consist of 
an H-shaped design as shown to the right of Fig. 2. 
The basin is closed by two lines of valves between 
which, and parallel to the bank, would be situated 
the power station itself. Suitable operation of the 
valves would enable the water always to be passed 
through the turbines in the same direction. 

Both of these solutions would entail supplementary 
expenditure on a very large scale, when compared with 
the single-effect scheme. It is therefore particularly 
fortunate that the modern feathering-blade turbine 
enables all these complications to be avoided, and 
allows an extremely simple scheme to be adopted. 
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Pumping 

To improve still further the operation of the double- 
effect cycle, the newer turbines can be made to operate 
as pumps at slack water periods and the utilisable 
volume of water and the operating head thus in- 
creased. The net gain in power production, in spite of 
the energy consumed by pumping, is substanial and a 
further economic advantage is secured by the differen- 
tial in value which exists between peak-load and off- 
peak energy. 

All the utilisation cycles so far mentioned refer to 
the period of a single tide, and no detailed research 
was carried out until Electricité de France investigated 
the economic feasibility of combining generating and 
pumping operations within the cycle. 

It has now been shown that a tide can be considered 
as including four possible movements—two generating 
movements and two pumping movements. This gives 
rise to 16 possible combinations, each representing a 
practicable cycle for the utilisation for a tide. A single 
tide can thus be studied with the object of yielding 
energy of constant value, i.e., with the price per kWh 
independent of the time of production and the date. 
In the case of two tides, of a duration rather greater 
than 24 hours, the calculations become more difficult 
and consideration can then be given to the essential 
case where the value of energy varies with the time of 
production, i.e., if this relates to a peak hour or to an 
off-peak period. The value of the energy is obviously 
different in these two cases—a point which was neg- 
lected until recent times. 

It has been found convenient to consider the case of 
27 tides spread over 14 days, since this allows for con- 
sideration being given to peak periods and also to the 
off-peak times on Saturday and Sunday when energy 
can be considered as having the lowest value. But each 
tide introduces four movements, and we have seen 
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that for one tide the number of combinations is 16. 
For two tides, we have the possibility of 16°, i.e., 256 
cycles, and this large figure obviously introduces some 
difficulty in the calculations. For 27 tides, we have 
16*°=2'°* different cycles, which is about 300,000 
milliards of milliards of milliards. Obviously there is 
no hope of calculating all these combinations. But the 
studies which have been completed in regard to one 
tide and two tides, and the extrapolation of these cal- 
culations to the case of three tides has been found to 
provide the majority of the fundamental data neces- 
sary for the development of the scheme, and, more- 
over, these data provide ample evidence of the extra- 
ordinary operational flexibility of a tidal power 
project. 

Certain terminology has been evolved for the con- 
sideration for these data, and includes what is called 
the “cycle of the first order” relative to the variations 
of value per kWh over the period of one tide, and then 
“cycles of the second order” relating to two tides. 


Cycles of the First Order (One Tide) 

The cycles here considered have a single tide as 
their basic period. Let (a) relate to the pumping 
period, (b) the reverse pumping, (1) direct generating, 
(2) reverse generating, so that with this notation double 
effect double pumping (represented in Fig. 3) could 
be described as al b2. According to the periodic- 
ity indicated, the movements would follow each other: 

al 62, al 62, al 62,.... 
the starting point and the end of the cycle being on the 
same side. Table I shows clearly the make up of this 
series of 16 cycles. 

The cycle without movement indicated by z=zero 
corresponds to the case where hydro-electric power 
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Fig. 3. Ist order cycle al b2 positive (double generat- 
ing, double pumping) 
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TABLE I 





No Direct Reverse Two 
: pumping 
pumping pumping pumping operations 
No generating z a b ab 
Generating on 
emptying | al 1b alb 
Generating on 
filling 2 a2 b2 ab2 
[wo generating 
periods 12 al2 1b2 alb2 


stations have to spill excess water, and where the value 
of energy is therefore reduced to zero during the whole 
period of the tide. 

Certain cycles, as for example 1+ in Fig. 4, appear 
to indicate that pumping is undesirable, since it lowers 
the level in the basin at the time when it is desirable 
to open the valves in order to prepare for the new 
single effect emptying operation. For this reason, 
pumping would consume energy for a useless purpose. 

But when atomic power is established, to avoid shut- 
ting down a nuclear reactor and causing some degree 
of poisoning by xenon 135, it will perhaps be useful 
to arrange for some of its energy to be usefully em- 
ployed. In fact, the preponderance of atomic generation 
may in time be such that the shutting down at nights 
of all thermal and water-power stations would still 
not leave sufficient load for the nuclear plants to deal 
with, and, in this case, it may be useful to pay a small 
figure for energy consumption, i.e., instead of the con- 
sumer paying for energy, he would be paid to receive 
it. In this instance the pumping operations on tidal 
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power plants, which would involve almost negligible 
cost, would undoubtedly be preferable to the installa- 
tion of liquid resistances on a large scale, or setting up 
other artificial consuming devices. Cycles such as Fig. 
4 may thus have some economic interest at a later 
date. 

Returning to the present-day conditions, we may 
call positive cycles those which relate to instances 
where the energy produced never has a negative 
value. We find immediately that there are 8 positive 
cycles, apart from the zero cycle. These are as fol- 
lows: Four single-effect cycles which include, with- 
out pumping, (1) emptying (2) filling; and two with 
one pumping operation (al) emptying (b2) filling. 
Then there are four double-effect cycles which in- 
clude one without pumping (1,2); two with one pump- 
ing operation (a12) (152); and one with two pumping 
operations (a1b2). 

The determination of the useful cycles for the ex- 
ploitation of a single tide is thus complete. 


Second Order Cycles (Two Tides) 

With cycles of the second order, the value of energy 
may be constant or periodically variable, which is 
acceptable if we substitute for the day of 24 hours a 
period equal to the duration of two tides, which repre- 
sents a rough approximation. The duration of two 
successive tides varies in practice between 24 h. 30 m. 
and 25 h. 20 m., from which there is a difference of 
several hours after a number of days. But the analysis 
of this case is necessary to appreciate the setting up 
of the cycles of operation for this type of calculation. 

After the second order of cycles, the number be- 
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Fig. 5. Variable cycle operation during 48 hours 
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comes already very large: four operations for genera- 
tion are possible, two with the emptying of the basin 
known as | and 3, two during filling known as 2 and 
4; four operations during which energy is consumed in 
pumping are possible, these being two during the 
filling of the basin, known as a and c, and two during 
emptying, known as b and d. 

The number of different cycles of the second order 
is 2* (256), which is the number of possible combina- 
tions of the eight movements indicated by 1, 2, 3, 4, 
a, b, c,d. It has been shown that only 104 of these 
are positive cycles, and already there is a very con- 
siderable choice of operating conditions far removed 
from the simple choice previously offered by the 
single- or double-effect schemes. 

The 256 cycles found to be possible are rapidly 
classed, in practice, according to the number of move- 
ments during which energy is consumed (0, 1, 2, 3, or 
4 pumping operations) and according to the number 
of generating movements (0, 1, 2, 3, or 4 generating 
operations). In fact it is useful to separate into two 
sub-divisions the class with two generating operations 
according to whether it is a question of two move- 
ments of water in the same direction, or two move- 
ments in opposite directions. In one case the same 
movement is repeated at each tide, which causes this 
operation to be known as the repeated single effect 
(1,3), a product of two cycles of the first order. 

Mons. Gigrat’s first paper then continues by 
setting out in detail the very large number of varia- 
tions on the cycles indicated above, which can in prac- 
tice be made available for the system operation 
engineer. His second paper deals with the operation 
of a tidal power scheme from the point of view of fuel 
economy. 

In this paper he pursues previous studies (detailed 
in the Bulletin de la Société Francaise des Electriciens, 
No. 29, May, 1953), but brings his calculations up to 
date, especially in regard to the value of an incremen- 
tal unit of energy provided on a variable output basis 
not only as a function of time but also as a function 
of the total thermal power which it is necessary at that 
time to have available on the system; and also in 
regard to the number of tidal power units to operate 
at any given period, considered as a function of time. 

The author's calculations show how it is possible 
to take account of the variations in the price of a unit 
of current from the tidal power scheme in relation to 
the maximum achievable economy in coal in the 
whole of the interconnected system at the moment 
under consideration. In this way it is possible to arrive 
at optimum economic operating conditions, using the 
almost limitless possibilities of variable cycles of 
pumping and generating as set out previously. 

Before leaving the operational aspects, mention 
must be made of the paper by M. M. Voyer and Pénel 
of Electricité de France, in which they gave the inter- 
esting diagram reproduced in Fig. 5, showing the 
results of tests on the Rance tidal power model over 
a 48 hour cycle. 

Turning now to the generating units for the Rance 
project, the basic principles on which the design was 
evolved can best be understood by quotations from the 
paper presented by Messrs. Kammerlocher and 
Duclos, also of Electricité de France, and from the 
summary of the paper provided by the General 
Reporter of the section concerned. 

Messrs. Kammerlocher and Duclos state that in 
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1951 the equipment service of Electricité de France 
requested the region to which these engineers were 
attached to undertake general studies on tidal energy, 
already started by the Service d’ Etudes pour l’Utilisa 
tion des Marées (S.E.U.M.). At that time the Rance 
project was envisaged as having 26 standard vertical 
generating units of 8,000 kW each, running at 85-7 
r.p.m., operating on single-effect working, with direct 
generating with water flow from the basin to the sea, 
and direct pumping from the sea to the basin. But 
the caiculations then being undertaken in regard to 
double-effect working with variable cycles caused this 
scheme to be revised. 

In April 1951, in order to equip some experimental 
power stations, the main European manufacturers of 
turbines and alternators were invited to submit designs 
for units which might be able to operate on the 
double-effect principle. Various types of units were 
proposed, including vertical units with elbow-shaped 
suction pipes; horizontal units in shafts; assemblies of 
two horizontal turbines with contra-rotating adjacent 
runners making up two opposed co-axial units with 
alternators in shafts or in bulb-shaped enclosures; 
tubular units with axial flow with a polar wheel round 
the turbine runner; axial tubular units with the 
alternator bulb totally submerged; and tubular units 
similar to those just mentioned, but with a turbine 
having two runners, which could become distributor 
or driver according to the direction of flow. 

During 1952 all the types of axial units which it 
was thought might be practical for the Rance scheme 
were considered in detail, and many model tests were 
made. These tests in general related to the conditions 
which existed at Cambeyrac, where it was proposed 
that a machine should be operated with a flow of 
5:5 cu. m. per sec., in both directions, under an 
average head of 8-25 m. The head available ranged 
between 10-75 and 3 m., and it was arranged that the 
units should also operate as pumps, in both directions 
of flow, with suction heads ranging between - | and 

3m. 

As a result of the very extensive experimental work 
carried out over more than two years it was decided to 
construct two turbines which would enable conclu- 
sions to be drawn regarding the practicability of this 
type of machine for the Rance project. These sets 
were installed at the Cambeyrac site, where two 5,000 
kW units of the downstream bulb type were used (the 
machines differing from each other), and at Argentat, 
where single-effect experimental work was to be car- 
ried out with two 14,000 kW units, one of the down- 
stream bulb-type alternator and the other with the 
alternator enclosed in a pit. 

As a result of the experimental work carried out, 
it was considered that the bulb-type unit was superior 
in every respect, and it was this type of unit which 
was finally chosen for Rance. Its advantages rested 
mainly on the monobloc design of each unit, the cle- 
ments of which could be assembled and tested on 
test beds. In spite of a total weight exceeding 300 
tons, the unit could be placed in position or removed, 
practically in a single piece, in a very short time. 

The rapidity with which handling operations could 
be carried out, and the ease of maintenance was a 
particularly important factor when considered in rela- 
tion to units which were to operate in totally sub- 
merged conditions. It was thought, in any case, that 
each unit would have to be removed for overhaul 
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about every three years, and this would imply, on a 
scheme like the Rance project, the dismantling and 
reassembly of one unit every month. 

The monobloc design was found to be simple and 
robust, and to give reliable service without direct 
supervision. Automatic operation methods were de- 
vised so that each unit could, in effect, operate as an 
independent entity. Many problems had to be solved: 
the evacuation of the heat losses, the design of elec- 
trical connections, the air circulation systems and the 
protection of the alternator against fire risks, being 
typical problems which the designers had to discuss 
and to which solutions had to be found. The prin- 
cipal characteristics of the units finally chosen for the 
Rance project were as follows. 

The speed of the turbine was fixed at 88-2 r.p.m., 
the maximum operating head at 11 m., and a maxi- 
mum pumping head of 6 m. The nominal rating of 
9,000 kW is to be obtained with direct or reverse water 
flow under heads variable between 11 m. and 5-50 m., 
with flows of between 100 cu. m. per sec. and 270 cu. 
m. per sec. The design calculations relating to the 
optimum dimensions for this speed enabled a machine 
of 5 m. in diameter to be employed, operating in air 
at atmospheric pressure. The many tests which were 
carried out in regard to the possible degree of pro- 
tection against the corrosion and erosion of the sub- 
merged surfaces were satisfactory, and showed that 
the heat Joss could be evacuated directly by means 
of the envelope of the bulb. In July 1955 experi- 
mental units of this type were installed in a disused 
lock in the Port of St. Malo. Fig. 6 shows one of the 
units which underwent trials in the lock and which 
is similar to those to be installed in the Rance bar- 
rage. 

Mons. A. de Rouville, the General Reporter, said 
that up to the time that nuclear fission was dis- 
covered tidal power was the only source of energy 
which was not directly related to solar radiation, 
as was the case with coal, petrol, falling water, wind, 
and other natural sources of energy. It owed its 
origin, he added, to another phenomenon of the uni- 
verse, the rotation of the earth and the interaction 
of the attractions of the sun and the moon. The 
tides remained independent of atmospheric nxove- 
ments, although the latter might affect their ampli- 
tude in certain regions. Tidal energy could not, 
however, be directly harnessed wherever it presented 
itself, as in the open sea, and it was the reflection 
of tidal movements on the continental plateau, and 
the incidental resonances which caused these to be 
amplified up to 25 times, which gave the possibility 
for their energy to be harnessed. 

Another important quality possessed by tidal energy 
was its fidelity to the calculated figures of time and 
tidal range, apart from slight changes due to atmos- 
pPheric action.- -Tidal energy could be predicted 
exactly for many years in advance, and this was a 
vastly different picture from that presented by river 
flows. 

Within recent years tidal power on a large scale 
had been considered as a practicable addition to a 
supply network. This had been due to the possibility, 
above all, of finding means to regulate the supply 
of energy, and in this respect the ever-growing inter- 
connection network in France was of considerable 
assistance. The “bursts” of energy available from 
tidal power schemes were now seen to be capable 
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Fig. 6. Diagram of 9,000 kW 88:2 r.p.m. turbo- 
generator for St. Malo 
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Fig. 7. Cycle of second order I and 3 (repetitive single 
effect) 
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Fig. 8. Cycle of second order (repetitive double effect) 


of being absorbed in the vast network of power 
stations and consumers, thus avoiding the need, as 
in previous tidal power projects, of building com- 
plementary thermal stations at very considerab!e cost. 
Mons. Rouville went on to say that cost figures for the 
Rance project, both in regard to the capital cost 
and the price per kW hour generated, both at peak 
and off-peak periods, were still under consideration. 
but nevertheless it was thought that recent researches 
had enabled the designers to hope for a kWh cost 
which would compare reasonably well with those 
of conventional power plants, whether hydro-electric 
or thermal. 

It was clear, he added, that tidal energy could only 
be made available at certain points on the earth’s 
surface, where the topography of the coast line was 
favourable. There were, however, a number of sites 
where deserts or arctic conditions meant that no 
useful purpose could be served by initiating tidal 
power projects, and these sites were therefore 
useless. 
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Miscellaneous Papers 

Turning now from the Rance scheme to other 
aspects of the Conference, an interesting proposal 
was put forward by Mons. Schwob, relating to a 
turbine with constant admission and variable speed. 
Mons. Schwob had worked out this scheme for the 
Baie de la Frénaye, the turbine consisting of an 
axial-type machine with a Kaplan runner and a 
fixed distributor. One of the most interesting points 
of the scheme is the method of connecting the vari- 
able-speed generator to the network. The generator, 
of the direct-current type, will be coupled to a mer- 
cury arc invertor (similar to those now used on high- 
voltage direct-current power transmission schemes) 
and provide 3-phase 50 cycle alternating current to 
the network. This arrangement has many of the 
advantages of direct current power transmission; it 
enables a constant power output to be achieved 
irrespective of the speed of the water flow, and the 
electronic equipment associated with the invertor 
provides instantaneous protection, thus greatly sim- 
plifying the operational control equipment. 

Another interesting paper was presented by two 
engineers of Electricité de France, Messrs. Remenieras 
and Smagghe. Their proposal is to utilise totally 
submerged machines, which would be buried on sup- 
porting pylons in locations where there is a power- 
ful tidal ebb and flow. These machines both in 
design and method of operation resemble wind 
generators. It is suggested that they could be built 
on a mass production basis very cheaply, and could 
extract useful amounts of power from relatively 
small tidal water movements. They might also be 
installed in rivers where they could operate con- 
tinuously. 

A paper on the Severn barrage was presented by 
Messrs. G. F. Kennedy and H. Headland from Great 
Britain, and it described the proposals, which have 
been the subject of many Reports, for building a 
dam which would contain 32 Kaplan turbines of 
25,000 kW each. The reason why the Severn scheme 
has not been proceeded with has been the need to 
provide equivalent thermal power when the tide is 
not able to generate any output. It has been argued 
at the time when each Report was published that if 
the cost of coal rose by a given figure the barrage 
would become economic; and then, when the cost 
of coal did rise by this figure, the cost of civil engin- 
eering works necessary for the barrage had been 
found to have risen in an even greater proportion. 
The two authors stated that at a constructional cost 
of about £73,000,000 (relating to 1952 figures) it still 
appeared that the cost of coal for thermal power 
stations had risen less sharply than the cost of civil 
engineering works. It was thought, however, that 
recent developments such as those outlined in con- 
nection with the Rance project might well lead to a 
reconsideration of the scheme. 

Another section of the Conference dealt with the 
possibility of harnessing the energy of the waves. In 
the general report on this section Mons. Gariel 
of Neyrpic said that there was a gross amount of 
energy of 31 kW per metre of coast line, but this 
energy was distributed in a totally unpredictable 
manner. Nevertheless proposals were put forward 
by various authors for harnessing this energy, and one 
writer commenced by saying that over 600 patents 
had already been taken out. Some 450 of these 
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related to various types of floating devices or 
machines with pistons. 

A device which offered some possibility of prac- 
tical development was described in a paper by Mons. 
R. Dhaille, who proposed the use of a series of 
dihedral shapes arranged in a line across an estuary 
The wide openings offered to the incoming waves 
allowed the water to flow in along the gradually nar- 
rowing path to the interior “barrage,” and here 
there would be a series of “flap” type valves which 
would trap the water brought in by each wave, so 
creating a head. This head could be used to gener- 
ate power. The advantage of this system would be 
that it would not require any moving parts other than 
the valves, and could thus be designed to resist the 
action of storms and heavy seas. The author sug- 
gested that by capturing the energy of waves be- 
tween | and 4 m. in height, it would be possible to 
produce about 85,000 kWh per annum per metre 
of coast line. 

Another solution was proposed by Mons. J. Valem- 
blis, in which it was suggested that resonators should 
be used. These would consist basically of a cone- 
shaped tube with the wide end buried beneath the 
surface of the water, the narrow end being above 
the height of maximum wave level. It was shown 
that the up-and-down movement of the water level 
outside this cone would set up a greater movement 
within the cone. This greater oscillation of water 
level, set up by resonance, could be utilised for 
power generation by suitable equipment situated 
within the cone. 


Conclusion 

The Conference on Energy from the Sea, organ- 
ised by the Société Hydrotechnique de France, can 
be counted as one of the most successful of its kind. 
It has been possible here to give very brief summaries 
of the papers, which will form a valuable reference 
library for those who are interested in possible future 
developments in this novel and fascinating field. It 
was particularly interesting to have the oppportunity 
to inspect the tidal model at St. Malo, and we offer 
our hearty thanks to the Société Hydrotechnique 
and to Electricité de France for the facilities they so 
kindly provided on this occasion. 


Certificates of Rating with Special Reference to Sup- 
plementary Proving Tests of Circuit-Breakers. The 
Association of Short-Circuit Testing Authorities (In- 
corporated), 36 and 38 Kingsway, London, W.C.2. 
Price 10s. 

In testing and certifying equipment in respect of 
short-circuit ratings, the testing stations working with- 
in the scope of ASTA keep, as near as possible, to the 
ratings and tests specified in the appropriate British 
and 1.E.C. Standards. It has been found necessary 
from time to time to adopt new tests in addition to 
those specified in the national and international stan- 
dards. The aim of the tests set out in the document 
is to provide means adequately to prove certain types 
of circuit-breaker by means of tests additional to those 
specified in ASTA Rules and in the British Standards. 
These tests are designed to prove circuit-breakers hav- 
ing particular characteristics because it is considered 
they are necessary for the purpose, and that unless 
they are conducted the Certificate of Rating will not 
be sufficiently comprehensive. 
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Fig. 1. Loch Quoich dam with concreting of upstream face completed 





The Vacuum Concrete Process 


The use of this process for concrete on a rockfill 
dam in Scotland is described 


N application of the vacuum concrete process 

the first of its kind to be carried out — was com- 

pleted recently on the Loch Quoich section of the 
Garry scheme of the North of Scotland Hydro-Electric 
Board. The problem which was solved by the adop- 
tion of the vacuum process was the placing of concrete 
on the steep slope of a rock-fill dam. 

The dam is 1,100 ft. long with a maximum height of 

110 ft. A 10 ft. wide roadway runs across the top and 
the upstream face is battered to a slope of approxi- 
mately | in 1-3 and the downstream side to | in 1-4. 
Watertightness is achieved by means of a concrete- 
filled trench cut into the foundation rock along the up- 
stream toe of the dam and a 12 to 15 in. thick rein- 
forced concrete membrane laid on the upstream face. 
The surface area of this membrane is 14,800 sq. yards 
and in order to avoid shrinkage and settlement cracks, 
it has been made flexible by introducing construction 
joints at a maximum of 20 ft. centres both ways, these 
joints being made watertight by means of copper seals 
and bitumen filler. It was in the construction of this 
concrete membrane that the vacuum process was used 
so successfully. 
_ Placing of the concrete membrane was carried out 
in two stages, the lower slabs comprising stage 1 and 
the remainder, stage 2; the object of this division of 
the work was to enable the impounding to start before 
the top of the dam was finished. 
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The first stage work was covered by a mobile 3-ton 
derrick with 80 ft. jib running on a timber gantry 
situated halfway up the face of the dam. The concrete 
was delivered by lorries carrying | cu. yard skips, the 
points of delivery being suitable places on a road at 
the foot of the dam. 

Work on the second stage was covered by two 
fixed 7-ton derricks with 120 ft. jibs which were 
first erected, 90 ft. apart, on the top of the dam at the 
extreme south end. As the work progressed one derrick 
was used to dismantle and re-erect the other 90 ft. 
further to the north. This method proved efficient, only 
10 hours being taken to dismantle and re-erect and 
only one day’s production was lost whenever a 
derrick move was necessary. Concrete was delivered 
by a locomotive train pulling bogies carrying skips of 
1 cu. yard each and running on a track laid just down- 
stream of the top of the dam. The track was laid 
along its whole length and at the north end it turned 
off and ran straight under a | cu. yard concrete batch- 
ing plant fitted with two | cu. yard wet hoppers with 
air-operated discharge doors, so arranged that two 
skips could be filled simultaneously. 

Timber side and end forms 12 in. deep, incorporat- 
ing the copper seals between the concrete panels were 
laid on the battered slope of the upstream face and the 
vacuum was applied to special top shutters only. 
These shutters were 20 ft. long x 2 ft. wide and con- 
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sisted of a { in. thick waterproof plywood face screwed 
to a rolled-steel channel frame. Holes 14 in. in 
diameter were bored through the plywood at 3 ft. cen- 
tres along the length of the shutter and a steel pipe 
14 in. in diameter with flange tee pieces inserted in its 
length in such positions that they coincided with the 
bored holes, was connected to the bank of the shut- 
ter. One end of this pipe was blanked off and a 
vacuum gauge screwed into the plug, the other end 
being fitted with a quick release coupling for attach- 
ment to the vacuum manifold. The whole space be- 
tween the channel frame and the plywood was filled 
with concrete to give the shutter extra weight and to 
seal the joints in the 14 in. dia. pipe, only the two ends 
of the pipe being left exposed. Two large lifting eyes 
were fitted so that when the shutter was lifted, it hung 
at the same slope as the dam face. 

The front face of the plywood 
was sealed round its edges by 2 in. 
wide x } in. thick timber strips 
bedded in “Bostik” and nailed to 
the plywood. The small air space 
required was formed by tacking a 
sheet of 16 gauge } in. mesh to 
the whole face and a screen of fly 
gauze was fixed on top of this to 
bridge the gaps in the mesh. 
Finally, a cover of unbleached 
linen was stretched across the face 
and tacked into position. 

Four of these special shutters 
were used on each bay. The pro- 
cedure was to lower the first shut- 
ter into position at the bottom of 
the slab to be poured, fill it with 
concrete and apply the vacuum; 
the next shutter was then dropped 
into position above the first and 
the operation repeated until all 
four shutters had been filled. By 
this time the first shutter was ready 
for stripping and this was lifted 
and placed into position above 
shutter number 4 and the filling 
continued. With this method of 
leap-frogging shutters, a complete 
bay could be concreted in 24 
hours. 

Vibration was used for the plac- 
ing and also for a short time after 
vacuum had been applied, and it 
was found that as well as quicken- 
ing the action of the process, vibra- 
tion was useful for sealing any 
small air leaks at the shutter. A 
vacuum reading of between 15 and 
20 Hg at the shutter was found to 
give a satisfactory finish to the slab. 

The surface of the concrete im- 
mediately after stripping the shut- 
ter was dry and dense, the pattern 
of the mesh and sealing strips on 
the shutter face being quite well 
defined on the surface. No special 
finish was attempted. and apart 
from generally cleaning up and 
attending to remedial work the 
face was left as stripped. 
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At the end of each day’s work the shutters, includ- 
ing the 14 in. diameter pipes, were well hosed down. 
The linen covers were left in position on the face 
unless they were ready for renewal, in which case they 
were stripped off and the opportunity taken to wire 
brush and clean the fly gauze and mesh. The average 
number of times the shutter could be used before the 
linen had to be renewed was 20 and the mesh and 
gauze after about 180 uses. The timber sealing strips 
round the edges, however, were constantly being dam- 
aged during handling and had to be replaced fairly 
frequently. The toial number of times each shutter 
was used over the whole period of the job was approx- 
imately 750, and at the end it was found that the ply- 
wood face was still in good condition and it was in 
fact stripped and used as standard shuttering on an- 
other part of the job. 








Fig. 3. Looking south-east during concreting of upstream slabs 
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During the second stage of the 
work, eight shutters were made to 
enable two bays to be poured 
simultaneously. Two gangs of four 
men were employed (one gang to 
each derrick) and each was res- 
ponsible for handling their own 
shutters, placing the concrete, 
applying and timing the vacuum, 
cleaning and maintaining the 
vacuum shutters. None of the men 
employed had any previous ex- 
perience with this type of concrete, 
but quickly became proficient at 
the work. 

The vacuum was applied at the 
shutters by means of two rotary 
pumps of 348 cu. ft. per min. and 
275 cu. ft. per min. capacity and 
driven by 25 and 15 h.p. electric 
motors. During the first stage, the 
pumps were situated in positions 
that would necessitate a minimum 
of moving about, but during the 
second stage they were placed in 
one position only. Two pumps 
were placed on the dam, one at 
each end about halfway up the 
upstream face and 700 ft. apart. 
They were linked together by a 
main 3 in. diameter screwed 
jointed pipe fitted with tee offsets 
and valves at about every 80 ft. 
along its length. Flexible pipes of 
3 in. diameter were connected to 
these offsets as required and led 
to the vicinity of the bay being 
concreted, where a six-valve 14 in. 
diameter reduction manifold was 
finally used to link the shutters to 
the vacuum supply. Two tanks 
were fitted in the main line in posi- 
tions close to the pumps to collect 
the water drawn out of the con- 
crete. One man was employed part 
time to look after the pumps and 
pipe line, which gave very little 
trouble under normal conditions. 
There was, however, a great ten- 
dency for the water in the pipe 
lines to freeze when the outside 
air temperature fell below 38° F.. 
causing a loss of vacuum at the shutters. A consider- 
able amount of time and labour was spent during the 
winter months endeavouring to keep the lines free. 
Steam heating the aggregate to be used in the concrete 
was very helpful and it was found important to avoid 
opening the line to the atmosphere once the vacuum 
had been applied. 

The actual production figures for the concreting of 
the face of the dam varied considerably from month 
to month, due mainly to the weather, as the site is 
exposed to prevailing west winds, driving rain and 
snow. The best daily production was five 20 ft. 
20 ft. bays by the two gangs of men in 10 working 
hours, and the best monthly figure was 99 bays, also 
done by two gangs. 

The effects of the vacuum on the finished concrete 
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Fig. 4. Stage 1 in vacuum concreting of slab on upstream face of Loch 


Quoich 
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. View showing concreting of second stage 


was iested from time to time during the progress of 
the work and it was found that the concrete was con- 
siderably stronger and of higher density than similar 
concrete placed by normal methods. Construction of 
the rockfill dam was part of the Quoich contract 
which, in turn, forms a substantial part of the Garry 
hydro-electric project which was officially opened on 
October 5. 

The consulting engineers were Sir William Halcrow 
and Pariners. The work was undertaken for the North 
of Scotland Hydro-Electric Board by Richard Costain 
Ltd. Millars Machinery Co. Ltd. are the exclusive 
licensees for the vacuum concrete patent. 

The various photographs accompanying this article 
were placed at our disposal by the North of Scotland 
Hydro-Electric Board, to whom we express our thanks. 
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British Delegation’s Russian Visit 


A sketch of some preliminary impressions 


N an Editorial Note in our November issue we gave 

brief details of a visit paid to the U.S.S.R. by a 

team of six hydro-electric experts under the auspices 
ot the British Council. An official report to the British 
Council is in course of preparation, but Sir John Hack- 
ing, the leader of the team, and some of his fellow 
members, recently gave us a preliminary outline of 
some of their impressions. We were warned that much 
detailed checking would be needed before the infor- 
mation could be regarded as fully authenticated, but 
sufficient emerged to present an interesting picture. 

An itinerary of the tour is given in the accompany- 
ing map, but in preference to following the itinerary 
chronologically it may be more useful to comment on 
certain aspects of development. An outstanding im- 
pression must inevitably be that of the immense hydro- 
electric potential of the U.S.S.R. On the Volga, which 
is the largest river in European Russia, the Kuibyshev 
and Stalingrad stations, now under construction, will 
have capacities of 2,100 and 2,310 MW respectively: 
work is commencing on a 1,000 MW station at Sara- 
tov, and a station of unknown capacity is projected 
at Astrakhan. These are in addition to existing sta- 
tions. Yet the Volga is only the fifth largest river in 
the U.S.S.R., and it is stated that 80% of Russian 
hydro-electric potential is in Siberia. 

Electricity generation figures also contribute to this 
picture, although it must be remembered that they in- 
clude output from thermal stations. In 1955 the total 
output was 23TWh (10° kWh), whereas by 1960, at 
the end of the present five-year plan, it is expected to 
be 59TWh. But everi then only 18% of the hydro-elec- 
tric potential will have been developed. 

A further point of interest is the large size of unit 
adopted in these large-capacity power stations. What 
are believed to be the largest Kaplan turbines in the 
world are being installed at Kuibyshev and at Stalin- 
grad; they are 10S MW units and have a runner dia- 
meter of 9:3 m. Units of 200 MW capacity are 
proposed for the Braeski station on the Angara, a 
tributary of the Yenisei, which, at a capacity of 3,600 
MW, will be the largest station in the U.S.S.R. Even 
larger units, of 300 MW, are projected for the Kras- 
nasparsky station. 

In spite of these large sizes, however, there was 
little evidence of new advances in turbine design. Men- 
tion was made of the use of shallow draft tubes at 
Kakhovka, where a depth/runner-diameter ratio of 
only 1-54 was chosen in order to reduce the depth of 
foundations. This station contains six 52 MW sets 
operating on a head of 16 m. The storage lake is 220 
km. long and 40 km. wide, and has a total capacity 
of 19,000 million cu. m., of which 6,000 million cu. m. 
is live storage. 

Another unusual development, seen during the 
team’s stay at Erevan, is that on the Razdan, which 
has its source in Lake Sevan and flows into the Arax. 
On this river 800 MW will be developed in eight 
stations, three of which are in operation, two are under 
construction and three are projected. An acute prob- 
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lem is the high proportion of evaporation from Lake 
Sevan, due partly to the warm climate and partly to 
the fact that much of the lake is shallow. It is intended 
to reduce the level of the lake by 50 m. over the next 
50 years, which will reduce the surface area to such 
an extent that the flow in the river will be increased. 
When this has been accomplished the uppermost sta- 
tion will go out of commission. 

In dam construction the topographical conditions, 
as far as they were ascertained, seem to preclude the 
use of arch dams and to favour earthfill, rockfill and 
mass-concrete gravity structures, which in some cases 
are of great length. Thus, the Gorky dam is no less 
than 13 km. long, and the Stalingrad dam 5 km. long. 
Considerable experience seems to have been gained 
in the construction of dams on permeable foundations, 
the tendency in the case of earthfill dams being to 
provide a watertight concrete apron on the upstream 
side and to make liberai use of sand filters. A dam at 
Khramskaya was reported to the team as having an 
apron of reinforced concrete 40 cm. thick, surmounted 
by an 8 mm. plate of stainless steel, the joints in the 
plate being sealed with stainless-steel strips welded 
into place. For concrete dams extensive use is being 
made of precast reinforced-concrete facing slabs, 6 m. 
long, 2 m. wide, and 8 cm. thick, the reinforcement 
being arranged to project on the inside face to key 
into the concrete mass. These slabs make it unneces- 
sary to employ shuttering. 

As regards power-station operation a definite policy 
is being followed of controlling all stations—even the 
largest ones—automatically from load-dispatching 
centres. This may seem rather surprising in view of 
Russia’s large population, but the team was assured 
that there was no unemployment problem and that the 
saving in manpower was worth while. Actually, a 
large station is supervised by six men per shift. 

Transmission is normally at 110 or 220 kV, but a 
400 kV grid is to be constructed for Russia in Europe, 
fed by Kuibyshev and Stalingrad. High-voltage direct 
current is being considered for a line from Stalingrad 
to the Donbas at a voltage of p!us and minus 400 kV, 
representing 800 kV between outers. 

Research facilities are extensive. The planning head- 
quarters for Russia’s hydro-electric development is at 
Leningrad, and here there is a headquarters laboratory 
undertaking research of every description. In addition, 
laboratories have been set up at certain other centres, 
and the local directors appear to be allowed consider- 
able initiative in the choice of their investigations. 
Much fundamental research is carried out at these 
centres in addition to studying local problems. Mem- 
bers of the team were shown round the laboratories 
at Moscow and at Erevan as well as the headquarters 
laboratory at Leningrad. 

The official report which the team is preparing for 
the British Council will be awaited with the utmost 
interest, but in the meantime we are grateful to Sir 
John Hacking and his colleagues for affording us this 
opportunity of publishing a preliminary sketch. 
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Fig. 1. Excavation for powerhouse foundations 


Salto Grande, Brazil 


The second part of this article, which has been written for us 

by the technical staff of Centrais Eletricas de Minas Gerais, 

gives details of the hydraulic and electrical equipment of the 

first and second stages of this 100 MW development on the 
Santo Antonio River 


PART TWO 


HE two main units for the first stage are identical, 
and each includes a vertical Francis turbine having 
an output 34,000 h.p. at 95 m. head and 257 r.p.m. 
The rotors are stainless-steel castings and the scrolls 
are of welded steel plates, assembled at site by rivet- 
ing. Speed control is effected by a standard oil servo- 
motor governor, actuated by a permanent-magnet 
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generator mounted on the main rotor. A_butter!!y 
valve, operated by penstock pressure water, 2°70 m. in 
diameter, is provided for protection of each turbine 
Stoplogs can be installed for unwatering the draft tubes 
when required. 

The three-phase synchronous generators are rated 
at 25,000 kW, 0-9 power factor, at 13,800 V. 60 c.p 
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257 r.p.m., short-circuit ratio 1:42, WR? 8,000,000 
lb.-ft.*, and inertia constant H = 4-4. They are con- 
ventional units, enclosed, with water-cooled radiators 
and class B insulation, provided with direct-connected 
exciters, pilot exciters and motor-operated rheostat- 
type voltage regulators. The generator windings are 
star connected and are earthed through neutral re- 
actors. 

Each generator has a 13-8 kV bus, with two oil cir- 
cuit breakers, one main and the second for connec- 
tion of two load-ratio control 1,000 kVA transformers, 
three phase, 13,200/440 V, tied to the 440 V three- 
phase service and control power bus through inter- 
locked low-voltage breakers. A third transformer, 
1,000 KVA 13-2/13-2 kV, isolates the auxiliary incom. 
ing 13-2 kV service power feeder from the outdoor 
substation. Small independent 440/220 V transformers 
are installed for lighting service. 

All circuit breakers, meters and control for 
auxiliary power are centralised on control panels 
grouped on the generator floor. Controls, meters, in- 
struments and relays for the main units and the out- 
door substation and switchyard are located separately 
in the main control room on the floor above, on 
duplex-type panels. 

All essential controls are operated from power sup- 
plied by a 250 Y station battery, including emergency 
lighting circuits. 


Auxiliaries 

The cooling and general service water supply is nor- 
mally taken from the penstock through a stilling basin 
and strainers, but there is an emergency pump for 
taking water from the tailrace if the penstock system 
fails. 

There is a compressed-air system for operation of 
the generator brakes and for station service, a fixed 
installation for processing and handling of lubricating 


oil, a system of four sump pumps for drainage of the 
power-house substructure via the sump gallery, and 
also a special area and support for assembly of the 
generator rotors. 

Fire protection is obtained with a fixed automatic 
CO, system, including discharge directly within the 
generator housings, and also by use of portable extin- 
guishers. An extensive system of two-wire telephones, 
interconnected with the high-voltage-line carrier 
system, permits communication between the various 
hydraulic control points, the power house and the 
transmission system control points. 

All hydraulic equipment, including butterfly valves, 
turbines and governors, was supplied by the S. 
Morgan Smith Company, U.S.A. All electrical equip- 
ment was supplied by the General Electric Company, 
U.S.A. 


Second-Stage Units 

As all service and auxiliary equipment was com- 
pleted in the first stage, only installation of two more 
main units is contemplated for the second stage, in- 
cluding their respective auxiliary equipment and con- 
trols. In line with the corresponding increase in dimen- 
sions of the second penstock system, these two units 
will be slightly larger than the first two, to permit 
maximum utilisation of available river flow. Also the 
inertia of the units has been increased to better the 
overall stability of operation of the plant. 

There will be two identical units, each with a vertical 
Francis wheel, output 38,000 h.p. at 91 m. head and 
300 r.p.m. The rotors will be stainless-steel castings 
and the scrolls of cast steel with assembly flanges. 
The intake butterfly valves will be 2-60 m. in diameter. 
The auxiliary equipment will in general be the same 
as that of the first two units, but provision has been 
made for automatic starting and stopping of the tur- 
bines from the main control room. 
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Fig. 2. Salto Grande, sectional elevation through powerhouse 
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The generators are rated at 
27,000 kW, 0°95 power factor at 
13,800 V, 60 c.p.s., 300 r.p.m.. 
short-circuit ratio 1:42, WR* 
8,280,000 Ib.-ft.*, and inertia con- 
stant H=5-9. They are conven- 
tional units, similar in construction 
to the first two units, although 
slightly smaller in physical size. 
Earthing is eflected through re- 
sistance-loaded _ distribution-type 
transformers. These units are con- 
nected directly through cables to 
their respective step-up transfor- 
mers in the outdoor substation 
and their control equipment will 
be located in supplementary panels 
on the main duplex board in the 
control room. 

The hydraulic equipment, in- 
cluding turbines. governors and 
valves will be furnished by Neyr- 
pic, France: the generators by 
Canadian General Electric and 
the control by General Electric 
Company, U.S.A. 


Substation 

The connections of the electrical 
equipment in the Salto Grande 
station are shown in the single line — Fig. 3. View of first two units during erection; in the foreground is the 
diagram Fig. 5. Part of the 13°8 pit for the third unit 
kV and all of the 161 kV equip- 
ment is located in the outdoor 
switchyard. Due to lack of space 
and to avoid major excavations in 
rock, the switchyard is built on 
three levels. On the lower level, 
corresponding to the powerhouse 
generator floor, are installed the 
main step-up transformer banks, 
the 161 kV service transformer. 
lightning arresters, transfer tracks, 
13-8 kV distribution bus and the 
insulating - oil purification and 
handling installations. The oil cir- 
cuit breakers are on the next level 
and the upper level is used only 
for equipment of the outgoing 161 
kV line 

The 161 kV connections are 
made through a double bus 
arrangement, with the main 
operating bus centred on the trans- 
fer oil circuit breaker and 161 kV 
service transformer. Motor- 
operated air-break switches are 
provided for the transfer bus con- 
nections. Construction is on steel 
structures, with the main buses of 
the overhead strain type; these 
were completed in the first stage. 

The main equipment of the out- 
door switchyard and substation is 
as follows: 


FIRST STAG! 
Main Transformers—There are . Assembling the one of the first two generators 
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Fig. 5. Salto Grande, simplified electrical diagram 


two banks of three single-phase units, connected 13-8 
kV delta and 161 kV solidly earthed star, with a rated 
capacity of 27,000 kVA. These transformers are 
cooled by forced oil circulation and water-cooled heat 
exchangers. There is one spare single-phase transfor- 
mer for both banks. A transfer track and truck are 
used for replacement by the spare when required. 

Station Service Transformer—There is one three- 
phase transformer, connected 161 kV delta and 13-8 
kV solidly earthed star, with a rated self-cooled capa- 
city of 2,000 kVA. 

Oil Circuit Breakers—There are four 161 kV three- 
pole 1.200 A oil circuit breakers, rated interrupting 
capacity 3,500 MVA, with three-pole airbreak dis- 
connecting switches on either side. There is one 
breaker for each generator, one line breaker and one 
transfer breaker. The breaker bushings are provided 
with bushing-type current transformers and capacitor 
potential devices. 

Potential Transformers—There are four 161 kV 
potential transformers, including one spare, connected 
phase to earth for metering, relays, voltage regulators 
and synchronising. . 

13-8 kV Switchgear—An outdoor-type 15 kV oil 
circuit breaker, a 13-8 kV bus and automatic reclosing 
line breakers are provided for two lines, one for supply 
to communities in the vicinity and the other for service 
power to the hydraulic equipment at the dams, intakes 
and surge tank. 

All the switchyard equipment, including structures 
and connectors was supplied by the General Electric 
1956 
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Company, U.S.A., excepting only the service trans- 
former, furnished by Canadian General Electric, and 
three of the potential transformers, furnished by 
Brown Boveri, Switzerland. 


SECOND STAGE 

Main Transformers—Two additional transformer 
banks, designed to permit use of the spare transformer 
already available. will be installed for the two new 
generators. Each bank will have a rated capacity of 
28,500 kVA, forced oil and water cooled. They will be 
supplied by Savoisienne, France. 

Oil Circuit Breakers—Two additional 161 kV three- 
pole oil circuit breakers and associated isolators will 
be installed. These breakers, furnished by the General 
Electric Company, U.S.A., available from other sub- 
stations in the system, are identical to the equipment 
already operating in the first stage. 


Transmission Line 

The main transmission line at 161 kV to the Santa 
Luzia substation, near Belo Horizonte, is approxi- 
mately 142 km. long. The conductors are 636 MCM 
ACSR and there are two ;>, in. galvanised steel cable 
overhead earth wires. The average span is 450 m. and 
the maximum span 1,200 m. The structures are gal- 
vanised high-strength steel towers, with steel mat 
foundations. The conductors are installed with trun- 
nion-type clamps and no armour rods or vibration 
dampers were required. A copperweld steel counter- 
poise runs along nearly the entire length of the line 
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to obtain reasonably low footing 
resistance. 

This line traverses very difficult 
terrain, with the majority of the 
line towers located on top of steep 
hills. No permanent roads exist 
even reasonably close to the right 
of way and it was necessary to 
build a special road for access and 
maintenance nearly the entire 
length of line. Vehicles equipped 
with four-wheel traction or with 
caterpillar tracks will have to be 
used for maintenance. 

The line was designed and 
built by Techint-Cia. Técnica In- 
ternacional, using the towers and 
ground wires furnished by S.A.E. 
Societa Anonima Elettrificazione 
SpA., Italy. The suspension insulators were supplied 
by Ohio Brass Company, U.S.A., and Canadian Por- 
celain, Canada; the ACSR conductors by Trefilerie du 
Havre, France, and the hardware by Volpato, Italy. 


Operating Scheme 
In order to permit operation and maintenance with 

the unskilled personnel available in the country, it was 
necessary to simplify the arrangement of the station as 
much as possible and at the same time include a cer- 
tain amount of automatic control with a view to reduc- 
ing the number of decisions to be made by the opera- 
tors under abnormal conditions. A complete system 
of protective relaying and control is included, as 
follows: 

Emergency closure of penstock intake gates: Manual at 
main control board. 

Emergency closure of turbine butterfly valves: All units 

-Manual at main control board. Second-stage units— 

Bearing-temperature relays; governor-servomotor 

failure. 

Shutdown of generating units, including turbines: All 
units—Manual at main control board; manual at 
generator floor; generator differential relays; generator- 
transformer differential relays; overspeed relays, 
second setting; bearing-temperature relays; trans- 
former pressure relays; field failure and earth relays. 
First-stage units—Governor oil-pressure failure. 

Disconnection of generating units: All units—Back-up 
voltage-restraint overload relays; phase-unbalance 
relays; over-voltage relays. 

Unloading of second-stage generating units: Permanent- 
magnet generator undervoltage relay; governor-oil 
low-pressure relay; governor-oil low-level relay; 
overspeed relays, first setting. 

161 kV bus protection: Earth fault relay. 

161 kV line protection: Earth relay; directional distance- 
type relays. 

Fire protection: Temperature detectors and manual at 
main control board. 

Starting and stopping automatic sequence relays 
will be provided for the two second-stage units. 

To facilitate maintenance, operation and inspection 
by limited personnel all turbine and generator acces- 
sories are grouped on the main generator floor to- 
gether with necessary instruments and alarms. Elec- 
trical control of the main units and the outdoor switch- 
yard are centralised, with indicating and recording 
instruments, relays and alarms, on the main duplex 
board in the control room, together with the carrier 
communication equipment and a telephone exchange. 
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Fig. 6. Permanent living quarters, with hospital on right 


The cost of the station including transmission 
line in the first stage is about Cr$900,000,000-00 
(US$18,000,000-00)) and when the installation is com- 
plete the total cost will be about Cr$1,400,000,000-00 
(US$28,000,000-00). Funds for the construction of the 
first stage were obtained through a special electrifica- 
tion tax on sales within the State of Minas Gerais, 
capital subscribers from private shareholders (specially 
large industries) and a long-term loan from the 
National Bank of Economic Development. 

In Brazil, due to progressive devaluation of the cur- 
rency, factors to cover the consequences of inflation 
must be included in any economic policy. When com- 
pleted, Salto Grande will be a very economical gen- 
erating station on the basis of today’s costs, as the 
major portion of the expenditures for imported equip- 
ment were realised some years ago at a much better 
value of local currency. 


Wimpey Central Laboratory. Twenty-five years ago 
George Wimpey & Co. Ltd. recognised a need to 
establish a research laboratory, chiefly, at that time, 
for investigating the possibilities of developing im- 
proved road-surfacing materials. Since then this 
laboratory has grown both in size and scope and its 
research activities now cover every branch of the 
building and civil engineering industries. So great, in- 
deed, has been this extension that the laboratory has 
now been divided into the following sections: Soil 
mechanics, concrete, building, asphalt and tarmac- 
adam, metallurgy, mechanical development, structural 
work, and library and information services. The work 
of the Central Laboratory is described in a hand- 
somely bound and illustrated brochure which has re- 
cently been issued by the Company, copies of which 
are available to responsible applicants who refer to 
the Public Relations Office, George Wimpey & Co 
Ltd., Hammersmith Grove, London, W.6. It should 
be understood that the work of the Laboratory is not 
confined to solving the immediate problems which 
arise in the course of the Company’s own operations, 
as the staff also undertake investigational work on 
behalf of consulting engineers, architects and other 
independent technologists. 

Allweather Paints Limited have issued a folder on 
their “Pitakote” paints which are claimed to have 
excellent weather-resistant properties and to be 
immune to virtually every form of chemical attach 
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Book Reviews 


Chambres d’equilibre (Surge Tanks). By André 
Gardel. F. Rouge & Cie, S.A., Librairie de ’Univer- 
sité, 6 rue Haldimand, Lausanne. 1956. With a preface 
by D. Gaden. 162 pp. 71 ff. Price, Sw.Fr. 24-85. 

The preface written for this book by Prof. D. 
Gaden, a weil-known hydrodynamicist and specialist 
in surge-tank design, explains that the author has been 
his collaborator for many years. The book was sub- 
mitted to the Ecole Polytechnique de Lausanne 
(Switzerland) for a D.Sc. degree. 

In his own introduction to his book, the author men- 
tions the great number of existing publications on 
surge tanks. Mathematical research on surge tanks, 
sometimes backed by model tests, is justified by the 
importance of the structures and the high capital cost 
involved. 

Mons. Gardel’s treatise is not a mere summary of 
existing theories but an excellent analysis of a series 
of points of importance, which previous investigations 
by other authors have left partly unsolved. The book 
is divided into five main chapters, the first dealing 
with the interference of small oscillations of the water 
level in the reservoir upstream of the pressure tunnel 
intake with the main oscillations in the surge tank. 
It is shown that this interference depends on the 
relative areas of the surge tank and the reservoir basin 
and is negligible (about 5 per cent. only) if this ratio 
is less than 1/100. It is shown that the upward surge 
in the tank is always reduced by surges in the reser- 
voir, but that the downward surge is always increased. 
Limiting values for this interference are given. The 
stability of the surge oscillations, as defined by the 
well-known theory of Thoma, is always improved by 
the oscillations in the reservoir. Straight analytical 
treatment is possible only for some few cases, so the 
author has to use approximate methods or graphical 
treatment. He mentions that oscillations of the up- 
stream reservoir may happen with low-head schemes 
or in research laboratories where the reservoir is repre- 
sented by a small tank with overflow spillway. The 
writer has found such oscillations to occur also in 
high-head plants provided with a sand eliminator 
located near the intake. 

Chapter II is concerned with the effect of friction 
losses in the pipeline and with the coupling in parallel 
with other power stations. Chapter III deals with the 
very important problem of the influence of the energy 
head on the surges and on the stability of the surges. 
The energy head to be considered in the calculations 
is the one which can be measured directly under the 
surge tank, at the point where it is applied to the pres- 
sure tunnel. The author shows the favourable effect 
of the energy head on the surges and on the stability. 
One of the most important:results of these investiga- 
tions is to show that the favourable effect is less than 
expected by former theoretical investigations. It was 
already known that the formula of L. Escande con- 
siderably reduces the effect as indicated by the too 
optimistic formula of Calame and Gaden. Now, Mons. 
Gardel shows that only 70 per cent. of the effect as 
shown by the formula of Escande can be retained. To 
support his own investigations, Mons. Gardel had to 
do detailed research work on losses in tee branches. 
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His results supplement the well-known investigations 
on the same subject by Thoma (Munich) and Favre 
(Zurich). This part of the treatise alone has the scope 
and value of an ordinary doctor thesis! The final 
chapters IV and V deal with simplified methods of 
calculation with relative values, and several diagrams 
are included to facilitate the design of surge tanks. 
An appendix of two pages applies the main results 
of the tests made in Lausanne by the Swiss Commis- 
sion on Surge Tanks to check the basic validity of 
the formula of Thoma. This is being confirmed by 
the tests and it is hoped that the findings of the Com- 
mission will be published in more detail at a later 
stage. This book is very well worth reading by all 
those concerned with the design of surge tanks or more 
generally with fluid mechanics. 
C. JAEGER. 


Impianti Idroelettrici (Hydro-electric Plants), by Pro- 
fessor Ing. Felice Contessini. Published by Libreria 
Edittrice Politecnica Cesare Tamburini, Milan, 1956. 
7 in. by 9 in., 416 pp., 301 ff. Price in Italy, cloth 
bound, L.5,000-00. 

First published in 1946, Professor Contessini’s 
handbook reappears in a new edition which has been 
recast and amplified to such an extent that it repre- 
sents practically a new contribution to water-power 
literature. The three chapters of the first section cover 
hydrology, both pure and applied, to the harnessing 
of water to power generation; in part II, the charac- 
teristics of hydro-electric development, and the pro- 
duction and applications of electric energy are re- 
viewed, followed by a chapter on planning applied 
to various patterns of plant. In part III, the author 
deals with the various constituent parts of a develop- 
ment, from dams and intakes to generating plants 
proper, while part IV studies the various types of 
schemes; these range from purely run-of-river installa- 
tions and storage plants to pumped storage, and co- 
ordinated chains of plants, each type being accom- 
panied by a judicious choice of practical examples. 
The book concludes with economic and legislative 
data, and reproduces in an appendix general informa- 
tion on the Italian electrical industry previously pub- 
lished by ANIDEL. As an elementary textbook on 
hydro-electric plants, this work can hardly be im- 
proved upon, and covers in short, concise chapters all 
the aspects of the subject matter. The numerous illus- 
trations, both as to quality and selection, are of the 
highest order. 


F.C.E.C. Handbook 1956-57. Published by the 
Federation of Civil Engineering Contractors, Romney 
House, Tufton Street, Westminster, London S.W.1. 
Price 10s. post free. 

This handbook brings together in convenient form 
all the main Federation documents. It contains, for 
example, an up-to-date copy of the Working Rule 
Agreement of the Civil Engineering Construction Con- 
ciliation Board, the new edition of the Federation Day- 
works Schedules dated !st July, 1956, the I.C.E. Con- 
ditons of Contract, and an up-to-date list of the Mem- 
bers of the Federation. This handbook which was 
first introduced last year has proved to be deservedly 
popular among all concerned with the civil engineering 
contracting industry. 
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Hydraulics Research Station, Wallingford 
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Fig. 1. Main hall of the D.S1.R. Hydraulics Research Station, Wallingford 


HE Hydraulics Research Board, under the Direc- 

torship of Sir Claude Inglis, is the most recently 

formed of the 14 establishments of the Department 
of Scientific and Industrial Research. It was brought 
into being in 1947 and for the first four years was 
accommodated at the National Physical Laboratory. 
In 1949 construction of a Hydraulics Research Station 
was begun at Wallingford on the banks of the Thames, 
and the establishment was transferred there in 1951. 
In 1955 Stage 1 of the main hall was handed over 
for use, and this has enabled river, estuary and other 
models to be accommodated under cover, as seen in 
Fig. 1. 

The work of the station may be defined in general 
terms as loose-boundary hydraulics; more specifically 
it covers problems relating to rivers, estuaries and 
coasts. A large programme of fundamental research 
has been planned and some is already in progress, but 
much of the work consists of investigations of specific 
practical problems at the request of government or 
municipal authorities or of consulting engineers. 

One such investigation, in which we were particu- 
larly interested during a recent visit, is on the design of 
the spillway for Navet dam in central Trinidad. To 
reduce cost an unusual design was prepared by the 
consulting engineers, and this has been submitted to 
tests in the model illustrated in Fig. 2. The spillway 
weir in the prototype will be 200 ft. wide and will dis- 
charge to a sloping channel with a stepped bed and 
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converging sides to a stilling pool. To avoid exces- 
sive costs due to excavation into a hillside, this stilling 
pool will be curved through an angle of 43° and will 
discharge over a weir to a second stilling pool deliver- 
ing to an erodible earthern channel. 

Three changes to the design were suggested as the 
result of an examination of the design and model 
tests. Firstly, it was shown that the proposed depth 
of the upstream stilling basin was insufficient to cause 
“stilling” for the higher zange of discharges. The bed 
level of the basin was, therefore, lowered by the 
equivalent of 3 ft. This proved to be effective and the 
hydraulic jump was formed in its correct position at 
the upstream end of the basin. Secondiy, a large eddy 
which formed in the curved stilling basin was elimin- 
ated by placing comparatively small deflector walls 
in the fast-flowing water near the foot of the stepped 
channel. The effectiveness of these training walls was 
strikingly demonstrated by removing and replacing 
them on the model. Thirdly, information was obtained 
concerning the design of the lower fall and the protec- 
tion of the eredible bed of the flood channel, which 
made it possible to predict the level to which the bed 
of the flood channel would erode and the original 
design was modified to suit these conditions. A model 
test indicated that if this modification was incorporated 
bed material would tend to build up against the down- 
stream end of the structure, thus ensuring its safety 

In connection with the projected hydro-electric 
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aluminium scheme on the Volta 
River a new harbour is being built 
at Tema, and an outdoor model 
(Fig. 3) has been built at Walling- 
ford. Tests to investigate the effect 
of storm waves enabled the outer 
breakwater to be shortened by 500 
ft. without impairing the efficiency, 
and tests on nine different designs 
of entrance to the associated fish- 
ing harbour led to a substantial 
improvement on the original con- 
ception. 
Other harbour and_ estuary 
models include Portsmouth and 
Eyemouth harbours, Karnafuli 
River in Pakistan, and the tidal 
Trent. The last-mentioned is a 
flood-relief investigation, and a 
further flood-relief study has been 
completed for the Severn at 
Shrewsbury. Models have also 
been built to study problems in 
coastal defences. 
A basic research of much poten- 
tial interest is that on the transport 
of sand by water, which is being 
carried out in a flume 5 ft. wide by 350 ft. long. Fig. 2. Navet dam spillway model; final design show- 
The establishment is virtually self-contained in the ing deflector walls and modified stilling basin running 
design and manufacture, not only of the models, but at flood discharge 
also of the instruments and the various designs of Fig. 3. Model of Tema harbour in its third stage of 
proposed development 


wave and tide generators in use. 
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Testing Toughened-Glass Insulators 


ILKINGTON Brothers Limited, St. Helens, Lan- 

cashire, who are the pioneers of the toughened-glass 

insulator for high-voltage transmission lines, have 
just expressed their confidence in the future of this 
insulator by building a £200,000 high-voltage labora- 
tory in which a complete range of mechanical and 
electrical tests can be made, including impulse tests 
up to 2} million volts. 

The success of Pilkington Brothers Limited in this 
field dates from the time when they devised a means 
of applying the glass-toughening technique to the 
somewhat complex shape of an insulator, which 
enabled them to meet with a comfortable margin 
current specifications for high-voltage insulators. They 
claim that the toughened-glass insulator has 34 times 
the dielectric strength of porcelain, is superior in 
mechanical strength, and that in the event of a mech- 
anical or electrical failure it has the valuable property 
of shattering completely, so that a faulty insulator 
can be detected by visual inspection. Design of the 
fittings is such that this shattering does not in the least 
affect the mechanical strength of the string of which 
the failed insulator forms a part. 

This type of insulator is being widely and increas- 
ingly accepted for high-voltage lines, and in spite of 
the heavy demands of the British Grid, about 60 per 
cent. of the production is exported. A recent order 
is one for 320,000 insulators for the Kariba 330 kV 
transmission line, representing 1,000 miles of route. 

The new laboratory—opened on November 2 by 


Lord Citrine, Chairman of the Central Electricity 
Authority, who as a young man was employed for a 
time at Pilkington’s works—has three functions 
accorded equal importance by the management. These 
are, first, research with a view to improving the per- 
formance of toughened-glass insulators and strings: 
secondly, to give the fullest possible service to custo- 
mers and ensure that the insulator-string arrangements 
offered will meet their specifications; thirdly, to carry 
out electrical and mechanical tests in accordance with 
British Standard 137, or the national test specifica- 
tions of customer countries, or the international speci- 
fication for glass insulators, expected to be issued 
shortly. The project was designed by Mr. E. F. John- 
ston, B.Sc., A.M.LE.E., and the staff of Pilkington 
Brothers in consultation with the Metropolitan-Vickers 
Electrical Co. Ltd. who supplied the main electrical 
installation. The building was designed by Mr. C. ¢ 
Handisyde, A.R.I.B.A., A.A.Dipl., and built by Bovis 
Limited. 

The main building is a large hail, 120 ft. by 80 ft. 
by 60 ft. high and has been designed for the maximum 
possible clearance if in future the scale of testing 
should bé increased, as is probable. The major clear- 
ances were for (1) impulse test machine—a sphere of 
25 ft. radius at a height of 33 ft.; (2) power frequency 
—a sphere of 30 ft. radius at a height of 41 ft.; (3) 
sphere gap—a sphere of 28 ft. at a height of 30 ft.; 
(4) various test objects at a height of about 25 ft. The 
dimensions in fact are determined by the clearances 
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Fig. 1. Pilkington’s high-voltage insulator testing laboratory 
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to earth which must obtain when 
working with very high voltages. 
Most of the floor space is deveted 
to high-voltage testing, but there is 
a perimeter passage isolated from 
the testing areas by a high metal 
safety fence with interlocking 
devices. In this passage the mech- 
anical testing plant is installed. 

In annexes around the labora- 
tory are provided a darkroom, a 
substation and storage spaces. A 
two-storey office block provides an 
entrance. On the second floor a 
soundproof conference room over- 
looks the test area through a large 
observation window high in the 
wall of the main laboratory. 

Natural light is admitted through 
2,500 sq. ft. of vertical glazing high 
up in the side walls. Although 
good natural light is required over 
the whole of the test area floor, 
and also good upward vision to- 
wards the suspended test objects, 
certain testing, such as corona ob- 
servation, has to be carried out in 
complete darkness. The total 
blackout is achieved by means of 
electrically operated b‘inds over 
the clerestory glazing, which, con- 
trolled from the floor, permit the 
building to be thrown into dark- 
ness in 15 seconds. The doors are 
weather-stripped to prevent light 
leakages. The main artificial lighting is from high- 
power downward reflectors recessed into the ceiling. 
To counteract: the glare from these. wall-mounted 
lights are arranged to flood upwards, illuminating the 
ceiling itself. 

Because the main test space is very large and some 
of the apparatus at high level has to be kept dry, 
despite the use at times of “rain” sprays as part of the 
testing procedure, heating requirements are unusual. 
Consequently, high-temperature radiant heat—pro- 
vided by gas radiant heaters hung from the walls at 
two levels—has been chosen as the most economical, 
and the result appears to be satisfactory. 

The equipment is elaborate. High-voltage tests may 
be carried out with either impulse or power-frequency 
voltages, on both vertical and horizontal strings of 
insulators. Vertical strings are suspended from the 
ceiling and are raised and lowered by electric hoists. 
Horizontal strings are stretched across the laboratory 
by means of three-ton winches, the height above floor 
level being adjustable up to 40 ft. The impulse genera- 
tor can give a momentary increase in — up to 

| million volts, later to be extended to 3 million volts, 
if ‘required. 

The standard of measufement for voltage is a two 
metre-diameter sphere gap arranged vertically. The 
upper live sphere is suspended from the ceiling by a 
long string of insulators. A hand-winch controls its 
height: fine adjustment of the sphere gap is effected by 
varying the height of the lower sphere controlled by a 
motorised screw drive. An alternative method of im- 
pulse voltage measurement is by means of a capacita- 
tor potential divider and sealed-off cathode-ray tube. 


Fig. 
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2. Power-frequency testing transformers in course of erection 


Oscillograms of wave shape are recorded on 35 mm. 
film processed in the laboratory darkroom. 

Power-frequency alternating voltage to a maximum 
of 1:3 million volts is obtained from two 1,200 V/650 
kV testing transformers connected in cascade. This 
piece of apparatus can reproduce the rather more sus- 
tained strains caused by switching surges of up to two 
or three times normal. 

Tests on insulator strings can be performed either 
dry or wet. For wet tests, water of controlled electrical 
conductivity is fed to rain sprays suspended from the 
ceiling and falls at a uniform rate on the insulators 
under test. 

The laboratory’s mechanical testing equipment is 
designed to apply appropriate loads to all types of in- 
sulators and fittings so that their likely behaviour in 
service may be gauged. For most ultimate strength 
tests a hydraulically operated Avery tensile testing 
machine is used. This has a maximum capacity of 50 
tons. 

Pilkington Brothers Limited are also engaged on the 
development of designs of toughened-glass units for 
service as post-type insulators, and a post-type insula- 
tor testing machine is installed to investigate the 
mechanical strength of these units. This machine can 
apply tension, torsion, cantilever and vibrating canti- 
lever loads to single and multi-unit posts. 

The laboratory is responsible also for a number of 
other tests outside the main electrical and mechanical 
field. These include the sample testing of the galvanis- 
ing of all ferrous metal fittings; sample testing of each 
consignment of cement used in the assembly of in- 
sulators and the thermal-cycle testing of insulators. 
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xe New Motor Scraper 


Allis-Chalmers TS-360 15-20 cu. yard motor scraper 


Allis-Chalmers have produced a new earth-moving 
machine, a motor scraper, model TS-360, which has 
a 280 h.p. engine, a struck capacity of 15 cu. yd. and 
a heaped capacity of 20 cu. yd. Three of these 
machines are now operating at Sir Robert McAlpine 
& Sons’ open cast coal site at Fox Covert near Ashby- 
de-la-Zouch. 

The TS-360 is fitted with an Allis-Chalmers six- 
cylinder four stroke diesel engine, model TDS-844. 
which has a capacity of 844 cu. in. and develops 280 
h.p. at 2.100 r.p.m. It incorporates a dual chamber 
energy cell which gives a “delayed action” effect that 
results in maximum pressures at the most favourable 
crankshaft angles and therefore greater power, less 
shock loads and longer engine life. 

The cooling system is so designed that during the 
warming-up period when the thermostat is closed the 
water also warms the engine lubricating oil. When 
the thermostat opens and the water is cooled it also 
cools the oil. 

The operation of the 17 in. single-plate self-adjust- 
ing clutch is air assisted. The transmission employs 
a newly designed spur-type low-gear set and provides 
four forward speeds—from 3 m.p.h. to 20 m.p.h. 
and one reverse gear. 

“Unit construction.” one of the most important im- 
provements in the design of earth moving equipment 
and proved for many years by the manufacturers in 
their crawler tractors, is used on the TS-360. The 
basis of this is a welded box-section main frame. This 
frame carries the various components of the tractor 
and makes possible the removal and replacement of 
the radiator, engine. clutch. transmission, fuel tank. 
hydraulic pump and valve. without disturbing the 
adjacent components. 

A 24 volt electric starting motor and a primer 
system for cold weather starting are standard equip- 
ment. 
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Another outstanding feature is the selective hydrau- 
lic Steering. A slight movement of the steering wheel 
utilises low pump pressure and gives a slow turn. This 
is a useful safety feature as it eliminates the danger 
of “jack-knifing’—the cause of many accidents. The 
operator, therefore. has confidence in using higher 
speeds and so achieving greater output. A full quarter 
turn of the steering wheel gives the normal fast turn 
which can be used when conditions permit. 

The air-actuated braking system also incorporates 
a Safety feature. Two safety valves, one on the tractor 
and the other on the scraper, ensure that sufficient 
air is retained in the system to apply the brakes in the 
event of a broken air line or loss of air. The compres- 
sor which is “V” belt driven from the engine supplies 
air for operating the cable control unit, to the air 
booster on the clutch, and to the horn. 

A new and important feature is the cable limit 
switch which disengages the multiple disc clutch of 
the cable control unit when the bowl or the ejection 
plate reach their maximum position. This is completely 
automatic. When the bowl of the scraper is fully 
aised a cam actuates the limit switch, which closes 
a valve in the air line; pressure in the air line is re 
leased. the clutch disengages. and the upward travel 
of the bowl stops. A similar arrangement automatic- 
ally stops the ejector plate when it is fully forward 
This greatly reduces cable breakages and lengthens 
their life. 

The bottom edge of the bowl and the cutting edge 
of the scraper are slightly curved. This is claimed to 
give faster penetration. better boiling action, bigger 
heaped loads and less corner voids. 

The push block at the back of the scraper is 56 in 
wide. giving maximum protection to the tyres whe: 
a bulldozer is used for pushing. When the machine ! 
empty 66% of its weight is carried by the tract 
wheels and when fully loaded the weight is distribute 
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equally on all wheels. All four wheels and not just 
the tyres, are easily interchangeable. 

The performance of a motor scraper depends pri- 
marily on the pulling effort available at the tractor 


wheels—i.e. “rim pull.” The TS-360 develops 31,671 
lb. of rim pull in first gear—which is stated to be 
over 6.500 Ib. more than that of any other motor 
scraper on the market. 


New Steel Tunnel Shutter 


An ingenious shuttering system to assist the placing 
of the concrete lining of a tunnel at the North of 
Scotland Hydro-Electric Board’s Breadalbane pro- 
ject has been designed by Edmund Nuttall, Sons & 
Co. (London) Ltd., the civil engineering contractors. 
This firm is at present engaged in driving a five- 
mile long, 13 ft. 5 in. diameter high-pressure tunnel 
on the Killin section of the project. When completed 
it will be lined throughout with concrete. Lining will 
commence later this year with the aid of a 240 ft. 
steel shutter divided into 15 ft. sections. This is being 
constructed by Birwelco Limited of Aston, Birming- 
ham. It is of all-welded construction and is being 
fabricated in 5 ft. units, three units being bolted 
together to form a 15 ft. length. 

As stunt end shutters are not employed, a sufficient 
length of shutter is required to support the concrete. 
which is placed continuously and allowed to find its 
natural slope at the leading end of the circular shut- 
ter. The 15 ft. lengths are divided into invert and top 
sections. The invert sections are hinged at the centre 
and the top sections are hinged at the two shoulder 
points so that the complete circle can be collapsed on 
to a travelling carriage which takes a 15 ft. length 
from one end of the shutter to the other. The cat- 
riage travels on rails built into the invert shutter 





Steel shuttering for Killin project in course of 
construction 
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which on arrival in its new position is “ spread” by 
mechanical turnbuckles. The structure is supported on 
steel “* spuds * which can be screwed up or down for 
levelling purposes. Similar spuds are provided at the 
shoulders to stop any tendency to foat. It is estimated 
that with the use of this shutter it will be possible to 
line the tunnel at a rate of between 1.200 and 1,400 ft. 
per week. The consulting engineers for the project are 
James Williamson & Partners of Glasgow. 


Improved Facilities for 
Transtormer Production 


The most recent extensions at the Walton-on- 
Thames works of the Hackbridge & Hewittic Electric 
Co. Ltd. include a specially designed transformer 
process oven and the associated oil treatment plant. 
The capacity of the impulse test laboratory has been 
increased, and an annealing furnace is being installed 
for the treatment of cold-rolled steel. and improve- 
ments have been made in the design and construction 
of both transformers and rectifiers. 

The new oven and impregnation plant have been 
installed in co-operation with the General Engineering 
Co. (Radcliffe) Ltd. It incorporates a drying oven. be- 
lieved to be the largest in the country, which is capable 
of accommodating the largest transformers envisaged 
complete in their own tanks. At present, transformers 
of 120 MVA 275 kV are under construction, and units 








45 MVA 


transformer in processing oven at the 
Hackbridge works 
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of 128 MVA on order. The plant includes de-aeration 
equipment for treatment of the oil prior to transformer 
impregnation, and for subsequent recirculation, as 
well as ancillary gear and controls. Automatic tem- 
perature contro! is fitted for all process equipment. 
This plant is designed for the complete drying out of 
core and coil assemblies before impregnation. The 
units may be cooled off in a controlled atmosphere, 
permitting assembly personnel to enter and prepare 
the transformers for assembly in their tanks, reducing 
to a minimum the time of exposure to shop atmos- 
phere. The oil in the reservoirs is de-aerated, and kept 
in a heated condition under vacuum ready for use. 

The capacity of the surge generator has been in- 


New Cobra 


A new product—-the Cobra motor drill—is being 
introduced by Atlas Copco (Great Britain) Limited. 
This machine, which can drill to a depth of 13 ft., 
weighs only 53 Ib. and is essentially a dual-purpose 
machine which can be converted into a paving 
breaker by removing three small parts. 

The Cobra was subjected to field trials over a 
period of two years, under severe climatic conditions, 
and was primarily designed for conditions in which 
rough country does not allow, or renders difficult. 
the transport of compressed-air equipment or where 





To demonstrate its portability, the Cobra has been 
carried up the Kebnekajse mountain to a height of 
over 6,000 ft. and set to work 
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creased to over two million volts for impulse tests o1 
transformers up to the 400 kV system voltage class 
Facilities are included for the rapid developing and 
examination of oscillograms while a series of tests is 
being carried out. 

An EFCO annealing furnace is being installed t 
relieve work stresses set up during fabrication of the 
cold-rolled-steel units of the transformer cores. The 
plant incorporates two electrically heated hearths each 
capable of accommodating a charge of five tons of 
the maximum size sheet supplied by the manufac- 
turers, and the furnace will permit the stress relieving 
of 20 tons of steel per week in a controlled atmosphere 
of nitrogen. 


Motor Drill 


compressed air is not available because the cost of 
providing compressing plant would be incommen- 
surate with the work to be done. 

The gasoline motor is a conventional single-cylin- 
der two-stroke engine, with loop scavenging system, 
and is fitted with air filter, fuel tank, ignition by 
means of a flywheel magneto. cooling fan, floatless 
carburettor, and a fully enclosed starter with pull 
wire and return spring. It is built with the crankcase 
uppermost and the cylinder hanging. Both the motor 
piston and the impact piston move in the same cylin- 
der. Compression and ignition take place between the 
pistons. 

The rotation of the drill is obtained by means of a 
ratchet working on the tooth wheel of the rotation 
chuck. This ratchet obtains its motion direct from 
the crankshaft, via a torsion shaft, which by special 
connection to the crankshaft moves backwards and 
forwards at an angle of 30° for each rotation of the 
crankshaft. Rotation can easily be shut off by an 
idling lever which disconnects the ratchet and the 
ratchet wheel of the rotation chuck. When the rota- 
tion mechanism is shut off, a connection to outer air 
is opened. This means that the air pressure in the 
space under the impact piston is released and the 
impact piston therefore loses its lifting force and 
consequently will not move when the engine is in 
operation. 

For a motor-driven drill to obtain the widest pos- 
sible application certain supplementary equipment 
must be provided. To this end a special box is sup- 
plied made of waterproof plywood, and having its 
edges and corners very substantially reinforced. This 
box facilitates transport and contains the necessary 
tools. a template for the rotation chuck, a grinding 
gauge for Sandvik Coromant steels, a Sandvik Coro- 
mant steel. a moil point, a filling funnel and spare 
parts, such as sparking plugs. packings, springs, etc 

A compact grinder, which can be directly con- 
nected to the crankshaft of the motor drill by a flex- 
ible shaft. has been developed for this machine. It 
is provided with a fixture for the drill steel and a 
cradle for the grinding wheel. making it possible to 
obtain the right edge angle and edge radius. It is 
claimed that the Cobra drill is very easily started. 
even in sub-zero weather. by means of the pull wire 
and return spring. A further point is that the motor 
piston provides compressed air for blowing the hole 
while drilling—an operating feature which eliminates 
1956 
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the carbonising experienced when the holes are 
flushed with exhaust gas. The no-float carburettor 
permits drilling in all positions. downwards, horizon- 
tally and up to an inclination of 45°. 

Principal data include: weight 53 Ib.: overall 








length 24 in.; drill shank }? in. X 4} in.; drilling 
speed in hard granite, 26 ft. per hour; maximum 
depth of hole, 13 ft.; fuel consumption 75-100 ft. 
per gallon; total weight, including storage box and 
accessories (shipping weight) 88 Ib. 


Improved Bailey Bridging Equipment 
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View across improved design of Bailey bridge 


Thos. Storey (Engineers) Limited, the world licen- 
sees for the manufacture and sale of Bailey bridging. 
have now introduced a new system of steel decking 
which allows a permanent road surface to be laid on 
the bridging units. Traffic can run directly on the 
steel non-skid surface, or a layer of tar macadam 
can be laid to form a continuous roadway at either 
end of the bridge. 

Another improvement consists of a new panel pin 
(Patent No. 27602) which is of the expandable type. 
Its function is to fill completely the hole formed by 
the panel male and female eye when in position, with 
the result that a Bailey bridge can now be built with 
minimum negative camber. Also a completely rigid 
bridge is secured. 


New Names for Vickers Tractors 


Jack Olding & Co. Ltd., the world distributors for 
Vickers tractors and equipment, announce that the 
system of designating Vickers tractors has recently 
been changed. Since the first machine, the VR.180, 
was produced in 1952, continuous development has 
1956 
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taken place to secure increased efficiency. Up to the 
present time the changes from these improvements 
have been indicated by a suffix to the term VR.180. 
This practice has a number of disadvantages, particu- 
larly in regard to future progress on the present tractor 
and the introduction of a smaller machine. 

In place of a system relating the designation of a 
model to its belt horsepower, all Vickers tractors will 
now be known under specific names. For example, the 
name “Vigor” replaces the old term VR.180. This new 
name applies to the machine currently being produced, 
which is powered by a Rolls-Royce supercharged 
6-cylinder oil engine. Again, “Vikon” is the new desig- 
nation for the Vickers tractor powered by a Rolls- 
Royce supercharged 4-cylinder oil engine, delivering 
142 belt horsepower. 

Pre-production models of the Vickers “Vikon” 
tractor are now at work on various sites in the United 
Kingdom and abroad, and it is anticipated that pro- 
duction of this machine, together with a full range of 
matched equipment, will commence in the latter part 
of 1957. A preliminary specification of the new 
“Vikon” is to be issued shortly. 
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Abstracts from the 
World Technical Press 


Fish Protection at Pelton Dam 

Portland General Electric Company will spend 
more than $500,000 to protect migrating fish during 
construction of the Pelton dam on the Deschutes 
River, Oregon. Facilities now being installed will 
collect fish below the project site and carry them to 
a release point above the construction area. A picket 
barrier about three miles below the dam, a 100 ft. long 
fish ladder leading to a Buckley-type fish trap, and a 
specially designed tank truck are part of the equip- 
ment. The tank truck will carry fish from the trap 
to the release point. (Electrical World, Vol. 146, 
No. 5, July 30, 1956, p. 15.) 


Intake Works of the Isere-Arc Development 

In this development the Is¢re waters are diverted 
from the Echelles d’Annibal gorge, near Aigue- 
blanche, through a 11,694 m. long tunnel traversing 
the Grand Arc massif (WATER Power, August 1955, 
p. 316), to feed the Randens underground power 
house, the tailrace of which discharges into the Arc, 
a left-bank tributary of the Isere further downstream. 
The Aigueblanche intake presents some particularly 
interesting features which are described in this article. 
[he authors expiain how they finally selected a con- 
crete gravity dam with two main flood-control passes. 
Chis dam is built on a concrete arched sill, 28 m. in 
span, the abutments of which are almost symmetr.cal 
in the middle but are disposed substantially upstream 
and downstream, owing to the slant of the alluvial 
furrow of the gorge in relation to the general axis of 
the layout. This uncommon arrangement enables the 
dam to rest on either side of the gorge on rock sup- 
ports. Other sections of the article deal with the 
model tests carried out at the Laboratoire Dau- 
phinois d’Hydraulique, bearing in particular on the 
silting of the reservoir, on the intake proper and on 
the various problems it involves. The flood-control 
equipment consists of sector gates at the bottom and 
roller gates at the top. The article ends with a sur- 
vey of the preparatory work, which included a tem- 
porary diversion and two cofferdams. Impounding 
began in February 1954, and, a month later, the de- 
velopment was put into operation. The 1955 pro- 
duction of 500 million KWh exceeded that of the 
previous year by 200 million kWh. (X. Ract-Madoux 
and M. Bouvard, EDF, Region d’Equipement Hy- 
draulique Alpes Il, Travaux, Vol. 40, No. 262, August 
1956, p. 447, 14 pp., 20 ff.) 


A Composite Dam 

In a remote gorge on the Rio Grande, Brazil, 288 
miles north-west of Rio de Janeiro, the Peixoto dam 
is being pushed towards completion. Originally plan- 
ned as a gravity structure throughout, deep rock and 
fast water enforced a new design and an arch dam 
abutting a 525 ft. gravity spillway section was substi- 
tuted on the right bank, with a 585 ft. gravity intake 
section on the left bank. Concrete placement in the 
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arch section was a successful race to complete suf 
ficient blocks before flood flows topped the cofferdam 
A gantry crane was employed at the arch and a 15 toi 
cableway on the adjacent sections. Gates are nov 
being installed on the spillway section, and the firs! 
two units have been erected in the semi-outdoo: 
power house. The Peixoto dam will create a 60 milk 
lake of 1-6 million acre ft. capacity with a 43 ft. draw 
down. Once completed, the development will feed 
400 MW of generating capacity operating at a head 
of 155 ft. The turbines are of the Francis type, rated 
at 56,000 h.p. and passing 3,500 cusecs. The pro- 
ject has been designed and is being constructed by 
EBASCO Services, Inc. (Engineering News-Record 
Vol. 157, No. 5, August 2, 1956, p. 43, 3 pp., 5 ff.) 


Towers for St. Gotthard Transmission Line 


The transmission line which crosses the St. Gott- 
hard massif at 2,120 m. begins at Lavorgo and ends 
at Amsteg; it has a total length of 56 km., was de- 
signed at the outset for a voltage of 380 kV and was 
first put into service at 150 kV. During the sum- 
mer of 1953, all the towers set up between Airolo and 
Géschenen were submitted to a thorough checking 
with a view to carrying out necessary repairs and to 
gather further information on the behaviour of 
towers erected at high altitudes. For this purpose, 
two maintenance workers climbed up every one of 
the 60 towers, checking each girder and each connec- 
tion and making an individual report on each unit. 
The author describes the condition of the line after 
20 years of service as well as the repairs effected, and 
draws general conclusions calculated to improve the 
construction of towers for high altitudes. (M. Dreier, 
Motor-Columbus, Baden, Bulletin de I’ Association 
Suisse des Electriciens, Vol. 47, No. 12, June 9, 1956, 
p. 537, 5 pp., 10 ff.) 


Landslide at Oahe Dam 

An extensive earth movement in the area of the 
left abutment of this Missouri dam, now under con- 
struction by the Corps of Engineers, is likely to prove 
a very costly mishap. Remedial measures are to in- 
clude the relocation of the power house 800 ft. down- 
stream, the removal of 5 million cu. yards of dis- 
turbed material, and flattening the slopes and crest 
of the embankment. This earth movement is similar 
in nature but considerably larger in scope than the 
right-bank slides which occured some time ago, as 
both involve a mass of weathered shale. Triggered 
by excavation work, the movement first became 
apparent last December. The block of disturbed 
earth is 2,500 ft. wide, 1,200 ft. long and varies in 
thickness from 10 to 50 ft. (Enegineer-ne New 
Record, Vol. 156, No. 24, June 1956, p. 25, 1 f.) 


Earth-Dam Design and Construction 


Presented to the 2nd Australian and N.Z. Confer- 
ence on Soil Mechanics and Foundation Engineering 
1956, this paper describes the present methods of 
design and construction of earth dams in the U.S.A.. 
with particular reference to those types most fav- 
oured by the Bureau of Reclamation and the Corps 
of Engineers. Control of construction is mentioned 
in some detail, as it is one aspect which is difficult 
to access from published information. Where design 
is along well-established lines, this fact has been 
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mentioned only briefly and the emphasis has been 
laid on design for special conditions, such as instan- 
taneous drawdown or construction pore pressure or 
for special features such as internal drainage or rip- 
rap protection. Also, any new laboratory technique, 
such as that employed in triaxial shear testing, is 
given in detail. (J. W. Ridley, M.A. (Oxon.), De- 
signing Engineer (Hydro), Ministry of Works, Wel- 
lington, New Zealand Engineering, Vol. 11, No. 6, 
June 15, 1956, p. 179, 7 pp., 2 ff.) 


Welded Work in Water-power Plants 

The use of welding in engineering work intended 
for hydro-electric plants is being greatly extended, 
and has spread from plate assembling to penstocks, 
manifolds, branch pipes, turbine casings, draft tubes, 
tunnel reinforcements and other components. This 
confronts designers and manufacturing engineers 
alike with a number of problems which are thor- 
oughly reviewed and discussed in this abridged ver- 
sion of a paper read at the annual conference of the 
Institut International de la Soudure (I.1.S.), held in 
Zurich on September 12, 1955. The article is divided 
into six sections: Base metals for welded work in 
hydraulic plants; Testing the various properties of 
materials; Grading, and material specifications: 
Tests results; Testing filler materials; and non- 
destructive testing of welded components. The 
authors summarise their conclusions as follows: In 
the manufacture of welded components for hydro- 
electric installations, the use of a material of higher 
strength provides certain advantages, for instance, a 
reduction in both the cost of materials and in working 
costs, owing to lesser weight. To derive the full bene- 
fit of these advantages, the properties of the mater- 
ials involved must be utilised to the fullest extent. 
For this purpose, however, the limited data hitherto 
available from the determination of strength and 
elongation by the usual methods are no longer suf- 
ficient, and it has become necessary to ascertain other 
properties by means of tests ensuring maximum 
accuracy, such as the brittle-cleavage fracture 
behaviour and the aging tendency. It is only by these 
means that every possibility of damage resulting from 
manufacturing processes, or even any tendency to- 
wards failures, will be eliminated. (W. Stauffer and 
Dr. Keller, Escher-Wyss Bulletin (Edition in English), 
No. 1, January-April 1956, p. 35, 14 pp., 27 ff, 9 tt.) 


Liinersee Power Station 

The Liinersee plant, now in course of construction, 
is a generating-pumping station, which will add to 
the Ill development a generating capacity of 217,009 
kW and a pumping capacity of 253,000 kW. A rela- 
tively small concrete dam will raise the level of the 
Liinersee to 1.970 m. above sea level, and increase the 
useful capacity of the lake from 50 to 76 million 
cu.m. The power house will be situated at Latschau, 
1,000 m. above sea level; near the reservoir of the 
existing Rodund plant which will thus also utilise the 
tail water of the Liinersee station. On the other 
hand, the water to be lifted into the Liinersee will be 
drawn from the Rodund headrace. The increased 
capacity of the lake corresponds to a production of 
152 million kWh a year at the Liinersee plant and 
57 million kWh at Rodund, i.e. together 209 million 
kWh of valuable peak energy in winter. Since the 
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yearly inflow into the Liinersee, the diverted Brand- 
nerferner streams included, does not exceed 17 mil- 
lion cu. m., 59 million cu. m. of water will have to be 
pumped into the lake during the summer, and this 
will consume 198 million kWh of summer and night 
energy. The generating and pumping capacity of the 
Liinersee power station has been determined not only 
with a view to enabling the lake to act as an annual 
storage reservoir, but also to operate, according to 
requirements, on a daily, weekly or even monthly 
storage basis. It will thus prove particularly useful 
to the Iliwerke system by conserving night, week-end 
and summer energy which would otherwise be 
wasted. The additional yearly production resulting 
from this alternated pattern of operation can be 
assessed at 200 million kWh. The aggregate produc- 
tion of the Liinersee and Rodund plants will thus 
reach 410 million kWh of peak energy, of which 330 
million kWh will be available in winter. The total 
energy consumed by the pumping plant amounts to 
about 600 million kWh a year. (Dipl. Ing. Dr. h.c. A. 
Ammann, Wasser- und Energiewirtschaft, Vol. 48, 
February 1956, p. 37, 5 pp., 8 ff.) 


Greek Electrification Progress 

When the Greek equivalent of the British Central 
Electricity Board.was founded at the beginning of 
1950, the total production per head of population had 
hardly reached the 100 kWh mark. With the help of 
the EBASCO Services, a two-stage programme was 
planned with the aim of providing power facilities 
exceeding a total of 545 MW. The first stage, a small- 
scale five-year plan, has just been completed and 
aggregates and installed capacity of 175 MW in three 
hydro-electric plants and one thermal station, while 
stage two contemplates the setting up of three plants, 
all larger than those of the first stage, including two 
hydro-electric developments and aggregating 370 
MW. Following a general survey of Greek condi- 
tions, the author describes the Ladon and Agra 
schemes, now about a year in operation. Work on 
the first plant of stage two, the Megdora development 
in Thessaly, has just started; it includes a concrete 
arch dam 72 m. high, and a 2:6 km. supply tunnel 
connecting to a 3 km. pressure conduit. The power 
house, designed for a total capacity of 120 MW, will 
utilise a 530 m. head and produce 450 million kWh 
per annum, in co-ordination with an irrigation scheme 
to benefit an area of 20,000 hectares. It is hoped that 
the other developments planned, Achelos (200 MW), 
Ptolemais (65 MW) and Aliakmon (240 MW) will 
substantially boost up industrial and agricultural pro- 
duction in Greece. (G. Rallis, Ing.E.P.U., Bulletin 
Technique de la Suisse Romande, Vol. 82, No. 5, 
March 3, 1956, p. 61, 7 pp., 9 ff.) 


Large-size Transformers 

The undermentioned journal includes the following 
articles on large transformers: In “220-kV Trans- 
formers”, Cl. Rossier deals with the 20 MVA trans- 
formers of the Fionnay-Mauvoisin plant and the 40 
MVA units of the Grande Dixence power station, 
giving their characteristics and describing briefly the 
workshop tests conducted on the 11 units already 
delivered (4 pp., 10 ff.). A second article by the same 
author reviews in detail the various stages of con- 
structing large transformers (17 pp., 32 ff.). The new 
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equipment of the HT Laboratory of the Sécheron 
Works is described by James Froidevaux (2 pp.. 
3 ff.), who also contributes an article on “Some 
aspects of the Impulse Tests of Transformers” (p. 30, 
5 pp.. 4 ff). (Bulletin Sécheron, No. 25F, 1956.) 


Vorder Rhein Development 

The NOK concern in Baden (Nordostschweizer- 
ische Kraftwerke A.G.), acting on behalf of the future 
Kraftwerke Vorderrhein A.G. (KVR), has begun pre- 
liminary work on the two 120 MW plant projected at 
Sedrun and Tavanasa. The driving of the two tunnels, 
9-1 and 10-8 km. long respectively, was begun this 
summer. This project is only part of the general plan 
of the NOK, which aims at the full development of 
the Vorder Rhein and its tributaries between its head- 
waters and its confluence, near Reichenau, with the 
Hinter Rhein. Besides Sedrun and Tavanasa, the 
complete development will comprise the following 
plants, for which concessions have been applied: on 
the Vorder Rhein itself, Hlanz { (30 MW) and 
Rhiizuns (40 MW), with an additional contribution 
of 18 MW from the projected Ems plant. On its 
tributaries, five plants divided into three groups, 
Greina (80 MW) to which Tavanasa will make an 
additional contribution of 40 MW, Tersnaus-Castriscn 
(together 39 MW), and Panix-Ilanz II (together 
102 MW). Upon completion the development will 
have an aggregate capacity of 589 MW and produce 
yearly an average of 1,966 million kWh, of which 
1,060 million kWh will be winter energy. Sedrun 
and Tavanasa are expected to begin generation in 
the autumn of 1961. Subject to necessary labour 
being available, the other plants are to be put into 
operation successively within 8 to 15 years of the 
grant of the concessions. (Communicated by NOK, 
Bulletin de I Association Suisse des Electriciens, Vol. 
47, No. 6, March 17, 1956, p. 203, 3 pp., | map.) 

Note: The Vorder Rhein is the western headstream 
of the Rhine: it rises in Lake Toma in the St. Gott- 
hardt group of mountains, near the Oberalp, and 
unites with the Hinter Rhein, the eastern headstream, 
at Reichenau upstream of Chur, to form the Rhine 


proper. 
Val Gallina Dam 


A comprehensive study is given of this major fea- 
ture of the great Piave-Boite-Maé-Vajont develop- 
ment. In addition to a detailed description of the 
works, the methods of construction are discussed at 
length, and a whole chapter is devoted to the organ- 
isation of the extensive plant used. (Dott. Ing. Uberto 
Capra, L’Energia Elettrica, Vol. XXXII, No. 2, 
February 1956, p. 121, 28 pp., 28 ff.) 


Calculating Networks by Electronic 
Computer 

The method described in this paper is a particular 
application of a general method developed by EDF's 
Network Research Department for the numerical 
analysis of complicated electrical networks. In this 
connection, it has the advantage of reducing the num- 
ber of unknown quantities and of equations, nodes 
being less in number than meshes, owing to the fact 
that impedance to earth creates an additional mesh 
per branch without increasing the number of nodes 
The author describes the practical application he 
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made of the method to the analysis of a network by 
means of a Bull computer. The use of electronic 
computers marks but the beginning of a revolution 
which will spread to all branches of engineering, and 
with the help of high-capacity machines, will open 
the way to fields formerly regarded as being almost 
inaccessible. (J. Carteron, Mémoire & Travaux de la 
Société Hydrotechnique de France, published by La 
Houille Blanche, Vol. 11, No. A, March-April 1956, 
No. A, p. 173, 7 pp., 4 ff.) 


CLASSIFIED ADVERTISEMENT 


Announcements for this column can be accepted up to the 8t/: 
of the month for the following month's issue. The charges ar 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre 
ciated if instructions to insert were accompanied with remittance 


Appointments Vacant 


OPPORTUNITIES IN CANADA 
for 
ENGINEERS 


H. G. ACRES & COMPANY LIMITED, Niagara 
Falls, Ontario, one of the largest and oldest firms of 
Consulting Engineers in Canada, continues to expand 
and requires the following additional staff: 


CIVIL MECHANICAL HYDRAULIC and 
MECHANICAL ENGINEERS to assist in the design 
of Hydro-Electric, Thermal-Electric. Industrial Steam 
Power Stations and Petro-Chemical Plants. 


Applicants must be graduates of an accredited 
university so as to qualify for acceptance in the 
Association of Professional Engineers of Ontario. 


Requirements are: 


CIVIL or with minimum of two years’ ex- 
MECHANICAL perience in design of hydraulic 
structures. 


HYDRAULIC with a post-graduate degree in 
hydraulics. 


MECHANICAL — with two/three years’ experience in 
thermal power or industrial steam 
power station design or allied work. 


ELECTRICAL with minimum of three years in 
electrical design and layout for 
hydro-electric or thermal power 
stations. 


GEOLOGISTS with a university degree and 
several years’ site experience. 


Facilities include new modern air-conditioned offices 
covering 80,000 sq. ft. in a pleasant envirGnment. 
Company benefits include contributory pension and in- 
surance plans, paid vacations and statutory holidays 
and paid overtime. 


Please write for application form to: Dept. 181 
ONTARIO IMMIGRATION DEPARTMENT, 
12 New Burlington Street, 
London, W.1. 


A representative will be in Great Britain in Novem- 
ber to interview interested candidates. 
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Dominion Engineering 
HYDRAULIC TURBINES 


Water power has been a dominant factor in Canada’s 

















tremendous modern advance—and over half the water 
power developed in Canada has been harnessed by 
Dominion Engineering Hydraulic Turbines. 

In Canada and abroad, the Francis, Propeller and 
Impulse Type Turbines already installed or now under 
construction at Dominion Engineering amount to a 
total capacity of nearly 10,000,000 H.P. 


The facilities and experience indicated by such a 
record are at your service anywhere in the world. 


Write for General Bulletin No. 201 on Dominion Hydraulic Turbines, 


Dominion Engineering Works at Montreal, Canada 









COMPANY LIMITED 


MONTREAL, CANADA CABLE: DOMWORKS 
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ONE BILLION FEET DRILLED 
EACH YEAR WITH THESE STEELS 


For many years Sandvik Coromant steels have been the world’s 
most widely-used integral drill steels. And as each year passes, 
their share of the world rock drilling market becomes even 
larger; responsible for drilling one billion feet annually. The 
reason behind this ever-increasing demand is their consistently 
high and uniform quality. 


Meticulous production control 

Sandvik control every phase of production, from the mining of 
iron ore and processing of the wolfram ore, to the final tungst- 
en carbide-tipped drill steels. This ‘under-one-roof* policy of 
Sandvik has produced steels of a quality that is always improv- 
ing; steels that have brought faster speeds and new economies 
to drilling. The production of Sandvik Coromant steels is not 
only strictly controlled, but also influenced by valuable infor- 
mation gained from extensive research. Every year, with the 
close co-operation of Atlas Copco, hundreds of miles of test 
drilling iscarried out bothin Sandvik’s own test mine and under 
actual working conditions. 


Increased quality brings lower drilling costs 

Since the introduction of Sandvik Coromant steels some ten 
years ago, their quality and life has been continually increased. 
A longer life means /ower drilling costs. For example, take the 
costs of a well-known Canadian mine shown in the graph below. 
Cost per foot 























60 Cents 
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45 Cents |— _| | . 
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951 1952 1953 1954 1955. 


You'll notice that the cost per foot with Sandvik Coromant 
steels has decreased by 25°, in just four years! 

On large-scale drilling tests carried out during 1954-56 at lead- 
ing Swedish mines and construction projects with different 
makes of drill steels, Sandvik Coromant steels again proved 
superior, showing the highest and most uniform quality. The 
final results gave Sandvik Coromant steels the highest average 
footage per steel. Here are the average footages of other steels 
taking part in the 14 tests, compared to the performance of 
Sandvik Coromant steels, shown as 100. 
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Sandvik Coromant steels are supplied through the Atlas Copco 
Group. It is the largest group of companies specialising solely 
in the development and manufacture of compressed air equip- 
ment. It embraces Atlas Copco companies or agents manufac- 
turing or selling and servicing Atlas Copco equipment in ninety 
countries throughout the world. For further details of the 
equipment featured here, contact your local Atlas Copco 
Company or Agent. If you have any difficulty please write to 
Atlas Copco AB, Stockholm |, Sweden. 


THE Sltlas Copco GROUP OF COMPANIES "i 


Manufacturers of Stationary and Portable Compressors, Rock-Drillirg Equipment, Loaders, Pneimatic Tools and Paint-Spraying Equipment 
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Ly Pee Towers for electric transmission lines, for 
Al 

‘i. teleferics or radio aerials. 

Steel structures for buildings. 


Reservoirs of any shape and dimensions. 


Gantry crane, lifting capacity 3 to 25 tons, 
distance between rails 36 m., 2 overhangs 


of 12 m., total length 60 m. Gg Tel Fe n ro) 


GIOVANOLA FRERES S.A, MONTHEY CVS) SUISSE 
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The Merila Barrage is part of the Low Tana Hydro 
Electric Development in Kenya, which has been designed 
and constructed by Balfour Beatty for the East African 
Power and Lighting Co. Ltd. 

The photograph of part of the barrage, which diverts 
water into the headrace tunnel, shows one of the 37’ 6” 
span automatic control gates starting to open. 


BALPOUR BEATTY 


AND COMPANY LIMITED 


Civil & ELECTRICAL 
ENGINEERING CONTRACTORS 


Head Office: 66 QUEEN STREET, LONDON, E.C.4 


ALSO AT EDINBURGH ; GLASGOW BAGHDAD : NAIROBI and TORONTO 
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A PROGRESSIVE POLICY 
OF DEVELOPMENT— 
































































im provemen ts represented by attention to detail, are 
continually being built into Ruston-Bucyrus excavators. The process of 
development is a never-ending one and as improvements are developed so are they 


incorporated in the complete range of Ruston-Bucyrus excavators up to 6 cu. yds. capacity. 


R os B ex Cc ava t OP'S: in certain sizes are now being built with 


a re-designed cab in a new and attiactive colour scheme, but neither design 





nor colour scheme has been introduced merely for the sake of change. 
Both in fact are the result of the policy of development in detail for 
the customer’s benefit. The new design is devised to increase ease 







of operation and to give greater visibility. 

But there are also developments in the use of R-B 
machines outside of their prime purpose as excavators. 
Here for example, is a 22-RB crane with long boom and 

offset jib placing concrete on an important sewerage 



















project in the Midlands. 
Several sizes of R-B machines offer special advantages in lifting 
crane service. Why not write for details ? 












RUSTON-BUCYRUS LIMITED 
EXCAVATOR SPECIALISTS * LINCOLN. | UCYRUS 
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SAVIGLIANO 


Hydrothermoelectric 
Station at Moncalieri 
(Turin, Italy) for A.E.M. 


Turin 





Three single-phase trans. 
formers and spare unit 
for 40 MVA three-phase 
bank - with on-load tap 


changing device 


One 5,5 MVA vertical 


SOCIETA NAZIONALE DELLE OFFICINE DI SAVIGLIANO generator - 107 pm 


Works in Savigliano and Turin (Italy) Head Offices in Turin - Corso Mortara 4 - Phone 290481 € 


One 5.5 MVA three-phase 


transformer 
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At the Intakes 


SCREENS 

and SCREEN = 
CLEANING 
GEAR zy 


Glenfield Screens for intakes on Hydro-electric 
projects can be produced in either fixed or remov- 
able form to suit requirements. For lowering and 
raising removable screens, master automatic hook- 
ing beams can be supplied. 

The Glenfield Plough Rake offers a highly 
efficient means of cleaning fixed bar screens. Two 
patterns are available: to span a screen fully, and 
to span partially a very wide screen. The operating 
mechanism, fixed or traversing gantry type, allows 
for lowering a rake under its own massive weight, 
with hand brake control, and for hoisting it by 
electric power. 





[GLENFIELD bi 2 ee KILMARNOCK ] 





Head Office and Works - KILMARNOCK, SCOTLAND 


WATER POWER December 1956 








30 years 
of experience in 
Designing 
Supplying and 
Erecting 


Power transmission lines 


Railway, tramway and 
trolley-bus contact lines 


Overhead and cable 
telegraph and telephone lines 


Electric light and signal 
installations 


Lattice towers for power lines 
and substation structures 


Steel structures for industrial 
buildings, warehouses and 
radio towers 


Centerings for bridges 
and frameworks of all kinds 


Galvanized fittings for 
electric lines and substations 


Erection equipment 


Have established 


Ses tw nent taten - detabes a leadership 
TRANSMISSION LINE TOWER 

for the BRITISH COLUMBIA ELECTRIC COMPANY LIMITED, 

VANCOUVER, B.C. 





EST. 1926 








VIA LARGA 8 - MILANO - ITALY 
Telephone : 898.142 Cables : ELETTROBRENNERO, MILANO 
LONDON REPRESENTATIVE OFFICE: 2 VICTORIA STREET, S.W.1 Telephone: ABBey 72/0 
Subsidiary Companies, Branches and Representatives throughout the world 
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The SMITH SUPER-10 with its ‘ de-luxe’ specification and 


superior design has proved itself one of the most useful 


general-purpose excavators in existence. For unequalled 


design, adaptability, exclusive features and sheer engineering 


excellence the Smith Super-10 is in a class of its own. 


SMITH S@7ER-/0 


UNIVERSAL EXCAVATORS 
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TWO-SPEED GEAR BOX 

One of the built-in Smith extra features. 
POWERFUL CRAWLER BRAKES 

Applied with a flick of a lever, and hold the 
machine on the job without disengaging travel 
clutches. 

TOTALLY ENCLOSED MECHANISM 

All gears and transmission encased in oiltight 
housings. Ball and roller bearings fitted to all 
main shafts. 

OIL PUMP CIRCULATION 

A constant flood of fresh, clean oil throughout. 
SLEWING ON ‘LIVE RING’ 

Revolving machinery rotates on ‘live ring’ of 12 
rollers, which, combined with 3 adjustable hook 
rollers, gives absolute stability under all digging 
conditions. 

PRECISION-CUT CLUTCHES 
Accurately-machined multi-jaw clutches and 
slewing brakes, swiftly and easily applied. 
MODERN CAB 

With sliding window, and 3 sliding doors for 
easy access. 

CONVERTIBLE 

All usual front-end equipment available. 








Hydro-electrification 


Scheme —Ceylon 


Truck for conveying 
pipes for 
pipeline and 


transformers 


M.B.WILD 80°? siammcvam 


hone EAST 2041-7 Telegrams & Cables+ HAULING BIRMINGHAM7 
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SUBSCRIPTION ORDER FORM 





Beginning with the next issue please post your Journal monthly 


for one year. 


ID cntcsitindnanccnsctcsitninnnemcnnccticiteis sand essiides ska mnnenbiasincabentinstiisahinipialatanpinitaisistn mh alainentestnnabanietaaste 


Subscription Rate is 35s. per annum post free 


33 TOTHILL STREET, WESTMINSTER, LONDON, S.W.1 
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for overhead 
power transmission 





Strand in hard drawn 
Copper and Cadmium 
Copper, also Steel 
cored Aluminium to 
relevant British 
Standards. 






FREDERICK SMITH & COMPANY 


ANACONDA WORKS 







SALFORD 3 LANCS 


BARE AND INSULATED ELECTRICAL CONDUCTORS OF ALL TYPES 


THE LONDON ELECTRIC WIRE COMPANY FREDERICK SMITH THE LIVERPOOL ELECTRIC VACTITE WIRE 
AND SMITHS LIMITED & CO. CABLE CO. LTD. co. LTD. 



























































This Thames-side excavation—to a 
depth of 28 feet in gravelly sand —at 
the Albert Embankment (by Messrs. 
Wates of Norbury for the National 

Dock Labour Board) was 
made possible by the use 
of Millars’ Wellpoint 

, Dewatering System, a 
.. site drying method 
4 = =which avoided all dan- 
ger of subsidence and 
consequent collapse of 
road and adjoining 
buildings. 


MILLARS 
Of course 


Write for further details to :— 


MILLARS’ MACHINERY 
COMPANY LTD., 
Thoriey Works, Bishop's Stortford, Herts. (Tel. Bishop's 
Stortford 694/5. Grams: Millars, Bishop's Stortford.) Wellpoint 


Be 
on i: 


Ly 
_) 
" ° 
4 


Department: Cromford House, Cromford Court, Manchester 4. (Tel: 





Blackfriars 8813/4. Grams: Milamix, Manchester). London Office: Pinners’ 
Hall eat Winchester Street, London, E.C.2. (Tel: London Wall 4266-9, 4260 
and 2!-5. Grams: Milamix, Stock, London) 


IN ASSOCIATION WITH FOUNDATION EQUIPMENT 
CORPORATION OF AMERICA, WE COVER THE WORLD. 
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TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 
The complete manufacture including galvanizing, is 
undertaken in these works. 


Tees Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 2021-4 
LONDON OFFICE: 17 VICTORIA ST., S.W.I. TELEPHOME : ABBEY 1613 
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THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is “‘ Read wherever there 
are Railways."’ Weekly 2s. Annually £4 |Cs. py post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diesel- 
engine design, practice and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 30s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
The only publication with direct appeal to both shipowner 
and _ shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £4 10s. by post. 


POWER AND WORKS ENGINEERING 
Specifically concerned with the effectiveness and economy of 
factory services, including steam raising, power generation 
and application, and ali engineering plant problems. Monthly 
2s. 6d. Annually 35s. by post. 


COLLIERY ENGINEERING 
A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annually 35s. by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 30s. by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 32s. by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Fortnightiy 2s. Annually 
50s. by post. 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applicd 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d. 
Annually 35s. by post. 


ARCHITECTURE AND BUILDING 
A journal for practising and salaried architects, building 
contractors, designers and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 30s. by post. 


wooD 
*“Wood "’ is the only magazine of its kind. Primarily con- 
cerned with che use of wood, it includes articles on trees and 
timbers, design and constructicn in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 30s. by post. 


FOOD 
A journal devoted to the manufacture, packaging and marketing 
of processed foodstuffs. Monthly 2s. 6d. Annually 35s. by post. 


WATER POWER 
A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Monthly 2s. 6d. Annually 35s. 
by post. 


MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods 
of prospecting, the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy. Monthly 2s. 6d. 
Annually 30s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.! 
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Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 
WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETc. 
backed by over 20 years’ experience in this specialised field, 
can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. ! : 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 
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It will pay you to 


HIRE 
ANDERSON DERRICK CRANES 


ELECTRIC, HAND AND STEAM 
DERRICK CRANES, ALL IN FIRST 
CLASS CONDITION 


Lifting Capacities : 2 to I5 tons 
Jib Lengths : 80 to 130 fe. 





from the people who give best service 





15-ton Electric Derrick Crane x 120-ft. Jib. 





THE A.C. PLANT & HIRE Co. Ltd. 


TAYMOUTH WORKS—CARNOUSTIE—SCOTLAND 


Sole Agents for England, Wales & Ireland: Caswell, Cranes & Erection Ltd., Grove Works, Hammersmith, London, W.6. Tel.: RIVerside 8922/3/4/5 
Sole Agents for Scotland: The Anderson-Grice Company Limited, Taymouth Engineering Works, Carnoustie. Tel.: Carnoustie 2214/5 
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% Quoich Dam is 1,052-ft. long and 122-ft. high. 


NA 4 ART of the vast hydro-electric programme for Scotland is at 
Se Loch Quoich, Inverness-shire, recently completed by Richard 


Costain Limited for the North of Scotland Hydro-Electric Board. 





% This project includes a large rockfill dam (the first of its kind of 
<S appreciable magnitude in Great Britain), two subsidiary concrete 
ZK XS dams, a system of tunnels and shafts, a generating station, an aqueduct, 
NA % a fish heck, and ancillary works. The Consulting Engineers were 


Sir William Halcrow and Partners. 
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HYDRO-ELECTRIC PLANT 


in the Scottish Highlands .... 


The Pitlochry station of the North of Scotland Hydro-Electric 

Board, shown in the illustration, contains two 8,333 kVA 

Metrovick vertical Generators driven by Kaplan turbines of 

Boving manufacture, operating at a normal speed of 167 r.p.m. 

and designed for an overspeed of 480 r.p.m. Other Metrovick Agents in: AUSTRALIA 
Branches at: BUENOS AIRES, gear in this station is the generator control equipment including CANADA, FINLAND, INDIA, 
JO’BURG, RIO DE JANEIRO, = ‘"® Voltage regulators PAKISTAN, MEXICO, NOR- 
The M.V E. ¢ * Ltd. also manufacture Sy nchronous Condensers, WAY, N. & S. RHODESIA, 
Transformers, Switchgear and 2utomatic control equipment for 
the largest hydro-electric power schemes all over the world. PORTUGAL, SPAIN, Ete. 


SHANGHAI, WELLINGTON, 


Etc. 
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